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NOTES  ON  THE  KEPLACING  OF  THE  SUPERSTRUC- 
TURE OF  THE  HARLEM  SHIP  CANAL  BRIDGE.* 

By  Horace  J.  Howe,  M.  Am.  Soc.  C.  E. 


With    Discussion    by    Messrs.    Lincoln    Bush,    Martin    Gay, 

St.  John  Clarke,  Theodore  Belzner,  Frank  W. 

Skinner,  and  Horace  J.  Howe. 


The  highway  in  upper  Manhattan  which  was  known  as  King's 
Bridge  Road  in  Washington's  time  was  the  only  connection  by  land 
from  New  York  City  to  Albany  and  Boston.  Going  north  from  Fort 
Washington,  its  location  is  easily  surmised  to-day,  winding  along  the 
base  of  the  foot-hills  to  the  present  Ship  Canal,  thence  branching  to 
the  right,  over  Farmer's  Bridge  (built  in  1759),  and  then  to  the  left 
and  over  King's  Bridge  (built  in  1693),  to  Westchester  County,  cross- 
ing the  tidal  stream  early  named  Spuyten  Duyvil  Creek. 

In  the  celebrated  retreat  to  White  Plains  (1776),  a  dozen  miles  to 
the  northeast,  these  bridges  were  useful ;  and  the  British  likewise  found 
them  so,  on  their  return  from  that  battle  ground,  in  their  rapid  march 
to  capture  Fort  Washington.  These  operations  were  in  a  way  typical 
of  the  border  warfare  in  this  vicinity  during  the  ensuing  seven  years, 
or  until  the  evacuation  of  the  city  (1783),  and  no  doubt  tested  the 
bridges  severely  as  to  their  loading  and  as  arteries  of  traffic.  King's 
Bridge  was  24  ft.  wide  and  Farmer's  Bridge  18  ft.  wide. 

Happily,  such  conditions  did  not  recur,  and  it  was  not  until  1900 
that  a  third  bridge  over  the  creek  at  Broadway  came  to  their  assistance. 


*  Presented  at  the  meeting  of  January  5th,  1910. 
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Owing  to  the  march  of  progress,  all  three  will  be  taken  down  in  the 
near  future,  and  the  former  stream  will  be  filled  in  completely. 

This  is  due  primarily  to  the  excavation  by  the  United  States  Govern- 
ment of  what  is  known  as  the  Ship  Canal  (1894),  a  waterway  which 
connects  the  Harlem  and  the  Hudson,  saves  distance  to  points  on  the 
Harlem,  and  enables  1  000-ton  barges  to  cut  across  to  the  East  River 
and  avoid  the  dangers  of  the  trip  around  the  Battery.  It  required  a 
swing  bridge  with  equal  waterways  of  100  ft.  in  the  clear,  and  at  each 
end  an  approach  span  100  ft.  long  at  Ring's  Bridge  Road,  or  Broadway, 
as  it  is  now  called. 

The  moving  of  this  recently  built  bridge  and  the  substitution  of 
the  present  one  is  the  subject  of  this  paper. 

The  change  was  agreed  to  by  four  interested  parties,  and  resulted, 
in  short,  in  a  bridge  with :  Three  elevated  tracks  for  the  Interborough 
Rapid  Transit  Company;  two  surface  tracks  for  the  Metropolitan 
Street  Railway  Company;  an  additional  track  underneath  (four  in 
all)  for  the  New  York  Central  and  Hudson  River  Railroad;  and 
a  roadway  increased  to  35  ft.  in  width,  and  sidewalks  increased  to  7  ft. 
in  width. 

The  City  of  New  York,  furthermore,  took  over  the  old  superstruc- 
ture for  use  at  University  Heights,  a  mile  up  the  river. 

The  work  was  done  by  John  B.  McDonald  (Contract  No.  1  of 
February  21st,  1900),  under  the  direction  of  the  Board  of  Rapid  Transit 
Commissioners. 

Permission  from  the  War  Department  was  duly  obtained,  subject 
to  the  condition  of  maintaining  for  the  new  spans  at  all  times  a  clear 
waterway,  250  ft.  wide  and  15  ft.  deep,  and  a  minimum  clearance  of 
24  ft.  above  high  water  of  spring  tides. 

Permission  was  obtained  also  from  the  Bridge  Department  of  the 
City  of  New  York,  which  considered  the  neighborhood  carefully,  and 
issued  a  permit  allowing  a  "closing  of  the  said  Ship  Canal  Bridge  to 
street  travel  for  a  total  time  of  five  days  of  which  not  more  than  three 
days  shall  be  consecutive." 

Thus  the  preliminaries  were  arranged,  but  direct  contract  work  was 
delayed  until  1905,  which  permitted  a  study  of  the  situation  in  detail. 

The  Harlem  River  is  an  inland  stream,  about  6  miles  long,  subject 
to  tidal  influences  from  both  ends — at  the  west  via  the  Narrows  and 
the  Hudson  River,  and  at  the  cast  via  Long  Island  Sound  and  Hell 
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Gate.  The  mean  rise  near  the  bridge  is  4.1  ft.,  and  the  extreme  range 
is  perhaps  10  ft.  The  velocity  of  the  current  at  mid-tide  is  somewhat 
more  than  2  miles  an  hour ;  but  the  tide  and  velocities  are  very  variable 
and  not  to  be  anticipated.  There  is  considerable  summer  traffic  on 
the  river. 

Soundings  were  taken  at  various  points,  and  Messrs.  Terry  and 
Tench,  the  sub-contractors,  decided  to  construct  falsework  for  the  new 
draw-bridge  oif  shore  at  216th  Street  (Manhattan),  i  mile  above  the 
site,  221st  Street,  and  to  construct  the  approach  spans  on  shore  near 
Broadway.     It  was  thought  that  dredging  would  not  be  necessary. 

Pile-driving  began  at  216th  Street,  in  May,  1905.  There  were  15 
bents  of  10  piles  each,  and  3  bents  of  15  each  at  the  center,  all  being 
spaced  carefully  with  relation  to  the  floor-beams  and  the  pivot.  Besides, 
two  clusters  were  driven,  one  at  each  outside  end,  for  protection  against 
river  craft,  and  some  others  to  connect  with  the  bank.  The  piles  were 
of  good  size,  as  long  as  55  ft.  on  the  deeper  side,  and  were  driven 
practically  to  refusal,  penetrating  from  10  to  20  ft.  into  the  river  bed,  but 
not  to  bed-rock.     The  capping  and  bracing  were  finished  in  September. 

South  Approach  Span. — Meanwhile,  the  framing,  bracing,  and  deck- 
ing of  the  bents  for  the  south  approach  span  was  completed  by  August 
1st,  and  erection  begun. 

The  total  force  at  this  time  was  50  men,  using  two  scows  (100  by 
30  ft.),  and  a  well-equipped  steam  lighter  with  a  steel  derrick.  The 
riveting  was  completed  by  October  1st,  and  the  special  work  for  the 
surface  tracks  by  October  14th.     There  were  14  000  field  rivets. 

The  general  scheme  was  to  move  the  old  span  out  and  the  new 
one  in,  simultaneously,  by  land  and  water. 

The  span,  having  been  built  with  a  panel  projecting  over  the  bulk- 
head, was  at  this  time  resting  at  that  end  on  the  cribbing  of  the  scow, 
and  at  the  other  end  on  two  sets  of  cribs  on  railroad  trucks  and  tracks. 
All  masonry  parapets  interfering  with  the  sliding  of  the  new  span 
eastward  to  place  were  removed,  anchor-bolts  were  cut,  and  steel  wedges 
inserted,  and  a  double  track  was  lined  and  surfaced  parallel  to  the 
bulkhead,  and  at  its  level. 

On  October  17th,  the  new  span,  weighing  330  tons,  was  moved 
diagonally  northwest  about  50  ft.  to  a  point  115  ft.  west  of  its  final 
position,  thereby  providing  room  for  the  two  scows  to  act  in  tandem. 
(Fig.  1,  Plate  L)     All  end  posts  were  then  freed,  and  the  span  was  sup- 
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Fig.  1.— South  Span,  Harlem  Ship  Canal  Bridge,  Being  Made  Ready  for  Final  Move. 


Fig.  2.— North  Span,  Harlem  Ship  Canal  Bridge,  at  Beginning  of  Erection. 
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ported  at  intermediate  panel  points  by  a  scow  at  the  north  end  and  the 
two  sets  of  trucks  at  the  south  end. 

On  October  19th,  at  low  water  (5  a.  m.),  the  old  approach  span, 
weighing  240  tons,  having  been  cribbed  up  on  trucks  at  one  end,  was 
wedged  up  on  the  scow  at  the  other  end.  At  8  A.  m.,  the  north  end 
rose  clear  of  the  pier.  Some  delay  ensued,  and  it  was  not  until  10.45 
A.  M.  that  the  strain  was  put  on  the  wire  ropes  from  the  drums  of  the 
stationary  engine.  Two  pulley  blocks  were  used  in  connecting  with 
the  trucks  of  the  old  span,  and  one  three-sheave  block  with  the  new. 
Both  were  adequate,  and  the  entire  mass  was  moved  out  easily,  until 
the  old  span  was  entirely  clear  of  the  masonry.  Owing  to  the  settle- 
ment of  the  tracks  by  this  move,  and  to  the  fact  that  the  tide  had 
risen,  the  4-in.  clearance  of  grillage  beams  and  abutment  was  reduced 
to  scraping  distance,  and  for  a  few  minutes  the  success  of  the  last 
half  of  the  moving  was  a  matter  of  conjecture.  However,  the  span 
was  moved  in  14  min. 

A  temporary  plank  roadway  was  begun  at  once,  and  the  first  vehicle 
passed  over  t^e  bridge  at  5.45  p.  m.  At  noon  the  Barber  Asphalt  Com- 
pany began  concreting  the  buckle-plate  floor,  and  completed  the  east 
roadway  on  October  25th. 

North  Approach  Span. — The  erection  of  separate  cribs  for  the  new 
112-ft.  span  was  begun  on  September  5th,  1905,  about  300  ft.  east  of 
Broadway.  (Fig.  2,  Plate  I.)  The  trusses  were  at  39-ft.  centers,  and 
there  were  five  panels,  the  same  as  in  the  south  span;  the  total  weight 
was  380  tons.  Cribs  were  erected  under  alternate  floor-beams,  leaving 
one  panel  overhanging  the  bulkhead.  The  foundation  course  was  com- 
posed of  twelve  16  by  16-in.  pieces  laid  side  by  side;  the  second  course 
was  four  16  by  16-in.  pieces,  square  with  the  first,  and  the  top  half  of 
each  crib  was  made  up  of  three  12  by  12-in.  pieces  of  diminisliing 
lengths.  The  level  of  the  top  was  made  10  in.  higher  than  the  ultinuite 
position  of  the  bottom  of  the  floor-beams. 

Erection  was  begun  on  September  12th,  and  took  two  weeks.  Then 
riveting  began,  and  was  finished  on  October  28th.  There  were  16  000 
field  rivets,  practically  all  driven  by  power.  Meanwhile,  the  New  York 
Central  and  Hudson  Kiver  Kailroad  Company  completed  the  new  north 
abutment. 

During  this  time,  much  care  was  taken  in  lining,  squaring,  and 
leveling  the   trusses   and   floor-beams.     Owing  to   the  direction   of   the 
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p'lore  line,  it  was  impossible  to  erect  the  span  exactly  square  with  its 
final  position  at  Broadway,  and  it  was  necessary  to  roll  it  and  float 
it  20  ft.  to  the  south.  To  do  this,  four  tracks  were  laid,  a  pair  of 
trucks  was  placed  under  each  north  post,  and  the  weight  was  deposited 
on  them.  A  scow,  as  before,  took  the  other  end,  and,  by  the  aid  of  a 
stationary  engine  with  its  lines,  the  move  was  easily  made,  and  tlie 
two  south  panels  extended  over  the  water.  There  was  not  room 
enough  for  another  scow,  and  so  the  weight  was  again  dropped  on  the 
original  cribs  and  the  scow  floated  off.  This  left  the  span  exposed  to 
river  craft. 

At  the  next  ebb  tide,  the  second  panel  point  was  supported  by  a 
scow.  Likewise,  the  weight  at  the  north  end  was  transferred  at  its 
second  panel  point,  and  all  was  made  ready  for  a  run  westward.  There 
were  two  tracks  on  the  shore  end.  On  November  2d  the  span  was  moved 
westward  to  near  Broadway  by  using  a  stationary  engine  and  deadman. 

The  next  step — the  track  extension  westward — was  a  puzzling 
problem,  for  the  channel  was  only  40  ft.  wide  between  iner  and  bulk- 
head, and  the  latter  curved  sharply  to  the  south,  west  of  Broadway, 
and  it  was  important  to  insure  the  different  clearances  of  the  scows. 
Finally,  a  track  of  200  ft.  radius  was  laid  out,  carefully  eased  off  at  the 
approach,  super-elevated  and  braced  against  the  neighboring  bank. 

It  was  foreseen  that  the  cribs  would  have  to  turn  on  the  trucks,  in 
a  manner  similar  to  that  of  a  car  body,  and,  to  provide  for  this,  two 
iron  bearing  plates,  well  greased,  were  set  in  place,  but  not  fastened. 
The  north  end  of  the  old  span  required  three  trucks,  one  under  each 
chord,  and  the  new  span  required  two  double  trucks,  a  pair  under  each 
point  of  support.  All  walls,  anchor-bolts,  steel  wedges,  etc.,  were 
regulated  as  before. 

On  November  6th  at  low  water  (10.30  a.  m.),  a  scow  was  floated 
under  the  south  end  of  the  old  span,  and  3  ft.  west  of  the  other  scow. 
The  clearance  of  the  northwest  corner  of  the  pier  was  8  in.,  and  of  the 
northeast  corner  18  in. 

A  stationary  engine  had  been  placed  200  ft.  west,  and  lines  had 
been  passed  to  the  trucks  of  both  spans  and  attached.  The  derrick- 
lighter  was  placed  east  of  both  spans  and  connected  with  a  deadman 
west  of  the  bridge.  It  was  calculated  that  the  lighter  would  counteract 
the  action  of  the  tide  against  the  scows,  and  in  general  would  preserve 
proper  relations  with  the  trucks. 
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The  combined  effect  of  the  pumps  and  the  tide  caused  the  old  span 
to  rise  clear  of  the  pier  at  2.00  p.  m.  An  hour  or  so  later,  levels  showed 
the  new  span  to  be  an  average  of  10  in.  above  the  bridge  seat. 

At  3,25  p.  M.,  the  signal  was  given  to  move,  and  in  2  min.  the  com- 
bined mass  had  moved  70  ft.,  and  the  westerly  truck  was  at  the  west 
end  of  the  curve.  An  examination  of  the  bearing  plates  at  the  west 
trucks  of  the  old  span  showed  that  the  upper  plates  had  slid  along  the 
lower  ones  and  were  nearly  off;  also,  that  the  axles  of  the  east  trucks 
under  the  old  span,  and  of  all  the  trucks  of  the  new  span,  were  bending 
or  bowing  up  in  the  middle,  under  the  excessive  strain. 

This  condition  was  partly  caused  by  the  undue  pushing  of  the 
lighter.  A  halt  was  called,  the  cribs  were  jacked  up,  and  the  old  span 
was  moved  separately  to  a  clearance  point,  shortly  after  5.00  p.  m. 

At  5.45  p.  M.  the  new  span  was  moved  to  place,  the  lines  were  cast 
off,  and  pumps  set  to  work.    By  7.00  p.  m.  the  south  end  was  at  rest. 

The  north  end  was  landed  by  using  60-ton  jacks,  after  a  hard 
struggle  lasting  until  midnight.  The  liquid  seemed  to  have  affected 
the  packing  and  caused  leaks,  while  the  tide  caused  much  variation  in 
the  cribbing  from  time  to  time. 

The  bridge  had  been  closed  to  vehicles  from  1.30  to  10.15  p.  M., 
and  to  foot  passengers  from  3.00  to  5.00  p.  m.  Planking  had  been  laid 
previous  to  moving. 

A  week  later,  the  old  north  approach  span  was  loaded  on  two  scows, 
and,  with  the  help  of  two  tugs,  was  floated  to  the  south  shore,  west  of 
the  bridge,  rolled  on  tracks  far  enough  to  clear  the  canal,  and  then 
cribbed  up  until  required,  a  year  later. 

The  asphalt  roadway  was  completed  on  November  17th,  1905. 

The  New  Draw-Span. — The  erection  of  the  new  draw-span  began 
early  in  December,  and  continued  until  the  strike  of  January  1st,  1006. 
Union  labor  had  been  getting  $4.50  for  8  hours'  work  and  wanted  $5.00. 
The  strike  lasted  until  February  12th,  when  a  compromise  was  effected. 
Little  of  importance  occurred  meantime.  The  weather  was  particu- 
larly fine,  but  later  became  an  element  of  expense.  Some  temporary 
wood  bracing  was  put  into  the  old  approach  spans  for  protection,  and 
odd  jobs  were  attended  to.  Also,  the  New  York  Central  and  Hudson 
River  Railroad  began  running  trains  under  the  north  span. 

On  February  14th,  power-riveting  began  on  the  roadway  stringers 
and  floor-plates  of  the  motor  platforms.     The  force  was  soon  increased 
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to  45  men.  All  cross-girders  had  been  lined  and  leveled  some  weeks 
before,  but  required  constant  examination.  The  concentration  of  load- 
ing had  been  near  the  middle  bents,  but,  of  course,  decreased  as  the 
top  work  advanced.  Two  derrick-lighters  were  moved  about  the 
structure  on  both  sides,  and  bumped  the  piles  more  or  less ;  and  the 
stationary  engine  and  riveting  guns  added  somewhat  to  the  vibrations. 

On  February  24th,  the  new  south  span  was  connected  with  the 
viaduct  south  of  it.  The  temporary  terminal  station  at  221st  Street 
was  opened  a  month  later. 

Cracks  having  been  discovered  in  the  27  by  i-in.  connecting  angle 
plates  of  the  pivot  and  loading  girders,  new  ones  were  ordered,  and 
arrived  early  in  March.  After  much  cutting  out  of  all  rivets  affected, 
the  girders  were  riveted  up  with  1-in.  rivets  as  before.  It  was  decided 
that  the  material  was  good,  but  having  been  shipped  in  an  exposed 
manner,  attached  to  the  girder,  the  damage  had  occurred  in  transit. 

The  maximum  force  was  70  men,  including  8  riveting  gangs  of  4 
men  each.  In  this  span  122  000  field  rivets  and  7  000  bolts  were  used. 
By  the  end  of  March  the  main  trusses,  with  sway  and  lateral  bracing, 
were  erected.  The  eye-bars  had  been  easily  connected,  as  the  ends  of 
the  trusses  had  been  raised  1-J  in,;  but  the  cross-strut  at  the  king-posts 
was  a  tighter  fit. 

The  adjustment  of  the  machinery  in  connection  with  the  electric 
motors  proceeded  until  the  last  of  April,  and  from  this  time  until  the 
middle  of  June,  the  draw-span  remained  on  the  falsework. 

Moving  the  Old  South  Approach  Span. — On  May  1st,  1906,  the  old 
south  approach  span,  weighing  240  tons,  was  floated  to  Universi+y 
Heights  on  two  scows,  after  having  been  run  off  the  bulkhead  on  three 
tracks.  There  was  some  delay  at  one  corner  in  detaching  it  from  the 
shore  crib.  The  contractors  ordered  fresh  jacks,  and  the  crib  timbers 
were  cut  and  slashed  in  order  to  drop  that  end  clear  of  its  support. 
This  was  a  typical  operation. 

It  was  high  tide  when  the  destination  was  reached,  and  the  scows 
were  straddling  the  end  draw-pier.  Rollers  were  ready  on  the  pier,  and 
there  was  no  delay  in  working  the  span  westward  to  the  temporary 
cribbing  on  the  bulkhead;  whence,  a  few  days  later,  it  was  rolled  still 
farther  west  to  the  final  position  on  three  well-braced  columns. 

Worh  at  the  Old  Draw-Span. — The  first  thing  done  in  the  work 
at  the  old  draw-span  was  the  chocking  of  the  eye-bars  of  the  top  chord 
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Fig.  1.— Old  Draw-Span  Ready  for  Final  Move  to  University  Heights. 


Fig.  2.— Old  Draw-Span  Floating  by  New  Span,  en  Route  to  University  Heights. 
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in  order  to  provide  for  compressive  strains  while  in  transit  to  University 
Heights.  This  was  early  in  May,  1906.  As  the  new  draw  was  to  rest 
on  a  center  pivot,  and  was  to  have  only  a  few  balance  wheels  or  "tippers" 
on  the  outside  rim,  it  was  necessary  to  dress  the  masonry  down,  and 
furnish  filler  plates  to  take  the  new  casting  (8  ft.  6  in.  in  diameter), 
and  transfer  the  weight  to  the  pier;  but,  as  the  old  rack  was  to  gear 
with  two  pinions  with  vertical  shafts,  as  before,  it  was  important  that 
the  center  of  the  rack  and  the  center  of  the  pivot  should  correspond. 

Precise  measurements  were  accordingly  taken  inside  the  old  drum 
and  resulted  in  finding  and  referencing  the  true  point.  This  was  then 
transferred  by  transit  sidewise,  up  over  the  drum  and  thence  to  the 
roadway,  where  it  became  the  governing  point  in  lining  up  the'  spans. 

Late  in  May,  the  old  anchor-bolts  were  <5ut,  and  the  center-pin  and 
casting  were  suspended,  together  with  the  radiating  rods  and  struts. 
The  old  rack  was  left  in  place,  and  a  new  one  was  put  in  at  University 
Heights.     One  pinion  was  disconnected. 

The  old  wooden  trestle,  used  as  an  oiling  platform,  was  torn  down, 
as  it  was  designed  to  oil  the  new  shafting  while  the  draw  was  closed. 

Four  submarine  armored  cables  were  laid  across  the  channels  in  a 
trench,  up  the  center  pier,  and  through  drilled  holes  in  the  coping. 
Meantime,  electric  motors  had  been  installed  at  the  216th  Street  site, 
with  a  view  to  the  immediate  operation  of  the  bridge  on  its  arrival 
at  Broadway.  All  riveting  had  been  completed,  and  the  compressors 
had  been  removed. 

As  it  was  necessary  to  use  four  scows  to  carry  the  draw,  some  of 
the  piles  of  the  platform  had  to  be  removed.  This  left  two  bents  at 
each  end  and  five  bents  under  the  center,  supporting  the  entire  weight 
of  the  draw  and  the  platform.  The  removal  of  the  piles  was  completed 
on  May  22d.  Levels,  taken  two  days  later,  showed  that  there  had  been 
no  settlement.  The  total  settlement  for  the  year,  however,  had 
been  3  in. 

On  the  new  draw  as  well  as  the  old,  the  true  center  of  the  pivot  was 
carried  up  precisely,  and  located  on  the  roadway.  Measurement  to  the 
curved  end  faces  showed  a  discrepancy  of  i  in.,  an  error  not  at  all 
serious  in  its  relation  to  the  clearances  of  the  approach  spans. 

Temporary  plank  sidewalks  and  half  of  the  roadway  were  laid. 

In  the  early  part  of  June,  as  the  days  went  by  and  the  impending 
move  was  not  made,  it  was  reported  that  the  draw  was  creeping  south- 


10  REPLACEMENT    OF    THE    HARLEM    SHIP    CANAL    BRIDGE 

ward  on  its  falsework,  now  much  reduced,  as  stated.  Observation 
vshowed  that  some  of  the  piles  were  out  of  plumb,  and  that  the  caps 
were  sagging  on  the  center  bents.  Fixed  lines  by  instrument  were 
established  on  shore,  and  sights  were  taken  at  regular  intervals  for  the 
next  week  or  more;  but  only  temperature  variations  were  to  be  seen. 
The  average  load  on  each  pile  was  12  tons. 

There  v/as  no  disposition  to  delay  the  work,  it  may  be  imagined, 
particularly  as  the  center  pier  at  University  Heights  was  completed; 
and  operations  were  prosecuted  with  great  energy  by  Superintendent 
J.  F.  Sullivan  and  his  force  of  50  men,  up  to  June  14th,  when  the  old 
draw  was  moved  up  the  river  to  its  present  location.  On  that  day  at 
low  water  (10.15  A.  M.)  it  was  swung  for  the  last  time  at  Broadway 
through  an  angle  of  35°,  lining  up  northeast  and  southwest,  and  just 
clearing  the  approaches.  Two  scows  with  well-braced  cribbing  were 
floated  under  each  arm  and  placed  parallel  to  the  channel,  after  allow- 
ing for  the  proper  clearances  at  207th  Street.  The  suspended  drum, 
etc.,  was  braced  and  guyed  to  the  adjoining  scows.  The  weight  was  900 
tons,  exclusive  of  cribbing,  and  the  displacement  of  each  scow  was 
rated  at  500  tons.     (Fig.  1,  Plate  II.) 

The  scows  had  4  ft.  of  water  inside,  and  after  the  wedging  and 
blocking  up  had  been  done,  pumping  was  commenced  by  the  aid  of 
steam  from  four  tugs,  two  lighters,  and  a  boiler-scow.  There  were 
three  2-in.  streams  from  the  north  and  south  scows,  and  two  streams 
and  an  8-in.  centrifugal,  from  the  other  scows. 

12.30  p.  M. — The  rim  wheels  were  barely  off  the  circular  tread,  and 
the  tide  had  risen  nearly  2  ft.,  as  noted  on  the  neighboring  tide  gauge 
of  the  Dock  Department. 

1.45  p.  M. — The  scows  wore  3  ft.  out  of  water,  and  the  depth  of  water 
in  the  hold  was  li  ft. 

2.15  p.  M. — The  lower  struts  or  arms  to  the  rack  (which  had  been 
sawed  off)  were  clear,  except  at  the  west  side,  where  much  wedging  and 
jacking  was  being  done. 

2.35  p.  M. — All  clear;  the  bridge  drifted  eastward,  grazing  first  one 
approach  and  then  the  other. 

2.45  p.  M. — The  lower  struts  cleared  the  southeast  corner  of  the 
circular  rack,  and  the  tugs  signaled  "Go  ahead."  The  bridgemen, 
being  no  longer  needed  at  jacks,  lines,  etc.,  were  relieved  temporarily. 
Two  tugs  (each  rated  at  400  h.p.)  were  placed  in  front  and  two  in  the 
rear,  and  they  were  shifted  about  in  going  around  the  bend  an<1 
approaching  their  destination.     Fnll  control  was  maintained  through- 
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Fig.  1.— New  Draw-Span  in  Readiness  for  Move  to  Broadway. 


Fig.  2  —The  Present  Harlem  Ship  Canal  Bridge. 
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out  the  passage,  the  only  incident  being  the  considerable  amount  of 
mud  stirred  up  at  one  point  by  one  of  the  tugs.  The  writer  was 
stationed  on  one  of  the  middle  scows.  There  was  no  creaking  of  the 
top  chords,  or  other  indication  of  strain  in  the  main  trusses.  Some  of 
the  braces  about  the  drum  looked  well  "tuned-up,"  while  the  diagonals 
were  taut.    The  cribs  were  solid  and  well  connected.     (Fig.  2,  Plate  II.) 

3.45  p.  M.— Arriving  at  University  Heights,  the  various  clearances 
were  found  to  be  sufficient.  No  bumping  against  the  timber  protection 
pier  occurred.  The  diagonals  to  the  drum  slid  past  the  round  coping, 
and  the  rim  wheels  were  well  up  over  the  rack,  and,  in  fact,  afterward, 
they  raised  somewhat.  The  pumps  were  again  applied,  and  the  tide 
soon  helped  to  drop  the  mass  on  the  pier.  As  the  pivot  casting  drew 
near  to  place,  the  holes  were  seen  to  match,  and  the  anchor-bolts  were 
dropped  in. 

10.30  p.  M. — The  pinion  engaged  the  rack,  and,  steam  having  been 
maintained  all  the  way  up  from  Broadway,  the  span  was  turned  one- 
quarter  around,  and  left  in  the  open  position  above  the  pier  protection. 

Moving  the  New  Draw-Bridge. — On  the  following  morning  (June 
15th),  the  scows  were  taken  to  216th  Street  and  placed  diagonally  as 
before.  The  day  was  spent  in  adjusting  the  cribbing,  calculating  on 
the  tides,  as  usual. 

A  finder-ring  for  the  new  pivot  casting  was  placed  accurately  on  the 
old  pier,  and  wedge  plates  to  relieve  the  pivot,  were  provided  on  its 
east  and  west  sides.  At  the  end  piers,  the  latch  girders  and  wedge  plates 
were  centered  and  trued  up  generally. 

During  the  night  rain  began  to  fall  and  continued  throughout  June 
16th,  with  the  wind  in  the  east.  This  had  the  effect  of  raising  the  low- 
water  level  1.3  ft.,  and  caused  much  delay  in  cribbing  up.  Later,  the 
north  scow  grounded,  in  spite  of  this,  showing  the  need  of  dredging, 
and  causing  further  delay;  so  that,  with  high  tide  due  by  almanac  at 
6.40  p.  M.,  it  was  1.00  p.  m.  before  pumping  out  began. 

The  plant  was  the  same  as  before,  with  an  added  centrifugal  pump 
and  a  number  of  hand-pumps.  All  were  needed,  for  it  was  not  until 
4.15  p.  m.  that  the  pivot  was  clear,  although  the  ends  had  been  so  for 
half  an  hour. 

5.20  p.  M. — The  pivot  was  10  in.  clear  of  its  seat,  the  latter  being 
at  Elevation  10.94  above  mean  high  water.  The  top  of  the  pier  at 
Broadway  was  nearly  the  same  (Elevation  10.89) ;  but  the  wheel  tread 
was  about  1  ft.  higher  (Elevation  12.11),  and  this  governed  the  lift  at 
216th  Street,  and  the  consequent  time  of  starting.  (Eig.  1,  Plate  ITT.) 
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5.55  P.  M.— The  pivot  was  14  in.  up,  and  there  was  not  much  more 
time,  as  the  tide  seemed  to  have  turned.  Tidal  records  showed  that  the 
flood  tide  was  0.4  ft.  higher  than  usual.  The  order  was  finally  given, 
and  the  immense  structure  (weighing  with  cribbing  nearly  2  000  tons) 
was  slowly  pulled  out  into  the  stream,  pivoting  on  the  northwest  corner 
and  lining  up,  broadside  to  the  north.  The  channel  was  none  too  wide, 
and  there  was  some  sweeping  away  of  blocking  into  the  river.  One  of 
the  four  tugs  was  detailed  to  butt  out  that  corner,  and  thenceforth 
there  was  no  stop  or  hindrance  until  near  Broadway,  where  speed  was 
reduced,  lines  were  cast  off,  and  the  whole  mass,  grazing  the  approaches, 
was  eased  into  its  berth.  The  pivot  casting  slid  over  the  rack  with  a 
margin  of  an  inch  or  two. 

6.35  p.  M. — The  casting,  somewhat  out  of  level,  hung  over  the  pier 
15  in.  clear,  and  there  was  ample  clearance  at  the  approaches.  Lines 
were  made  fast,  and  the  tugs  were  used,  as  before,  to  furnish  steam 
for  pumping  water  into  the  scows.  The  two  scows  at  the  north  end 
were  loaded  heavily,  the  water  being  within  18  in.  of  the  deck. 

7.00  p.  M. — Electric  connections  had  been  made,  and  lights  were 
turned  on  below  and  above. 

7.45  p.  M. — The  north  pinion  engaged  the  rack,  and,  later,  closed 
the  draw.     The  south  pinion  was  evidently  about  right. 

8.15  p.  M. — Owing  to  the  failure  of  a  centrifugal  pump,  one  of  the 
northerly  scows  had  to  be  sunk,  and  the  pivot  casting  was  4  in.  above 
the  pier  on  the  north  side,  and  6  in.  on  the  south  side,  an  inequality 
which  was  magnified  greatly  at  the  ends  of  the  draw. 

9.30  p.  M. — The  span  rested  on  the  center  pier. 

June  17th,  1906,  Sunday : 

12.30  A.  M. — The  scows  had  dropped  down,  and  were  free  from  the 
south  arm.    An  hour  later,  the  same  was  true  for  the  north  arm. 

3.45  A.  M. — The  bridge  was  swung  by  hand-levers,  and  the  end 
wedges  were  in  place,  but  not  adjusted. 

5.20  A.  M. — The  span  was  swung  half  around  by  electric  power,  and 
it  was  found  that  it  could  be  operated  quickly  and  satisfactorily.  The 
temporary  wooden  aprons  were  repaired,  and  the  roadway  was  opened. 

9.30  A.  M. — Measurements  at  68°  Fahr.  showed  that  the  space  between 
the  draw  and  the  approach  span  on  the  north  side  measured  2i  in.  and 
on  the  south  side  2|  in. 

The  next  week  was  spent  in  shipping  away  timber,  thereby  releasing 
the  scows,  removing  the  chocks  from  the  top  chords,  taking  down  the 
pile  platform,  adjusting  the  aprons,  wedges,  and  pinions,  installing  the 
two  circular  feeder  tracks  at  the  pivot,  and  connecting  with  the  third 
rails  above.  By  the  end  of  June,  the  approach  spans  had  been  lined  up, 
and  the  rocker  posts  plumbed  up.  The  asphalting  was  also  well 
advanced. 
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It  was  decided  to  put  in  fixed  aprons  on  the  approach  spans,  and  to 
close  the  span  in  one  position  only  (without  reversing),  on  account  of 
the  number  of  important  rail  connections.  Later,  it  was  found  neces- 
sary to  stiifen  the  rack  with  iron  knees,  at  intervals. 

Much  of  the  new  equipment  was  done  by  the  Bridge  Department  of 
New  York  City,  in  accordance  with  its  practice  on  the  Harlem. 

This  is  the  only  pivot-bearing  draw  on  the  river.  The  weight  on  the 
pivot  is  1  500  tons.  It  is  operated  by  two  60-h.p.  electric  motors,  and, 
considering  its  weight,  is  handled  more  easily  and  quickly  than  any 
other.  Occasionally,  it  delays  trafiic,  while  opening  and  closing,  for  a 
period  of  only  4  min.  In  addition  to  signals  by  whistle,  and  electric 
bells,  there  is  a  telephone  connection  (seldom  used)  between  tower  and 
engine-room.     (Fig.  2,  Plate  III.) 

During  1907  and  1908,  the  shafting  was  partially  renewed  several 
times,  due  to  causes  which  were  exceedingly  difficult  to  locate,  but 
resulting  in  twisting  the  shafting.  In  June,  1907,  the  latch  girders 
were  firmly  fixed  by  reinforced  concrete  around  and  about  them  for  the 
entire  distance  between  the  pedestals,  and  thus  the  play  at  the  ends  of 
the  draw  was  much  reduced. 

The  contract  price  for  removing  the  old  bridge  and  replacing  it 
with  the  new  one  was  about  $250  000. 

Old  North  Approach  Span. — In  November,  1907,  the  old  north 
approach  span,  which  had  been  left  on  the  south  bank,  was  rolled  toward 
the  river  and  received  by  scows,  in  much  the  same  manner  as  described 
previously.  The  scows  floated  broadside  through  the  draw  channel, 
and  were  afterward  swung  around,  with  one  tug  in  front  and  one  in 
rear.  The  top  of  the  east  pier  at  University  Heights  was  over-run 
comfortably,  and  the  rollers  did  the  rest.  As  no  water  was  pumped  into 
the  scows,  several  tides  were  necessary  before  the  final  position  on  the 
masonry  was  reached  (November  29th,  1907). 

University  Heights  Bridge  was  declared  open  by  Mayor  George  B. 
McClellan  on  January  8th,  1908. 

In  all  these  operations,  extending  over  a  period  of  two  years,  there 
was  no  accident  of  a  serious  character  to  any  of  the  force  employed. 

The  Rapid  Transit  Commissioners  were  represented  by  George  S. 
Eice,  M.  Am.  Soc.  C.  E.,  Chief  Engineer,  Alfred  Craven,  M.  Am.  Soc. 
C.  E.,  Deputy  Chief  Engineer,  Sverre  Dahm,  M.  Am.  Soc.  C.  E.,  Gen- 
eral Inspector  of  Designs,  and  by  C.  V.  V.  Powers,  M.  Am.  Soc.  C.  E., 
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Division  Engineer.  The  writer  acted  as  Kesident  Engineer,  and  takes 
this  occasion  to  make  grateful  mention  of  his  subordinates,  who  con- 
tinuously gave  their  best  services.  They  were,  from  time  to  time,  as 
follows : 

Messrs.  R.  A.  Berry,  L.  C.  Devery,  J.  D.  P.  Hogue,  R.  J.  Smyth, 
C.  M.  Torpey,  and  W.  P.  Vallely,  Assistant  Engineers;  W.  C.  Martin, 
Rodman,  and  Theodore  Belzner,  Jun.  Am.  Soc.  C.  E.,  Inspector. 

The  Rapid  Transit  Construction  Company  was  represented  by 
George  H.  Pegram,  M.  Am.  Soc.  C.  E.,  Chief  Engineer,  and  A.  S.  F. 
Berquist,  M.  Am.  Soc.  C.  E.,  Inspector  of  Steel. 

Historical  Notes. 

In  searching  for  records  of  similar  operations,  the  first,  chronologi- 
cally, of  any  magnitude,  is  seen  to  be  the  first  in  magnitude  with 
reference  to  the  tonnage  moved,  if  not  in  regard  to  the  velocity  of  the 
current  and  the  exposure  to  gales;  and,  later,  in  relation  to  special 
appliances  used  in  raising  to  place.  This  was  the  work  of  Robert 
Stephenson  in  connection  with  the  Conway  and  Britannia  Bridges,  as 
recorded  chiefly  by  his  assistant,  Mr.  Edwin  Clark.* 

Mr.  Stephenson  had  led  up  to  those  pioneer  monuments  by  various 
achievements  in  his  practice.  He  had  acquired  habits  of  close  technical 
experimentation,  and  of  co-operation  with  other  engineers,  architects, 
parliamentary  committees,  boards  of  directors,  and,  in  fact,  with  men 
of  all  classes.  He  could  say  the  right  word  at  a  dinner;  as  for  instance 
when  he  noted  the  reduction  of  time  between  London  and  Dublin  made 
possible  by  the  bridges,  and  spoke  of  engineers  as  being  instrumental  in 
bringing  about  a  better  understanding  between  the  English  and  the 
Irish. 

It  required  a  very  able  man  to  make  the  Jump  to  the  first  long- 
span  wrought-iron  bridge;  for,  as  Mr.  Clark  says,  the  process  of  uniting 
wrought-iron  plates  by  rivets  had  been  hitherto  a  peculiar  feature  of 
boiler-work  or  iron  ship-building  and  had  been  little  resorted  to  by 
the  Civil  Engineer,  until  Mr.  Stephenson  proposed  the  construction  of 
these  bridges. 

All  wonderful  things  cease  to  become  so,  however,  when  the  separate 
steps  are  studied;  and  perhaps  the  transition  from  an  iron  ship,  with 

*  "  The  Conway  and  Britannia  Tubular  Bridges,"  London,  1850,  by  Edwin  Clark.  Resi- 
dent Engineer. 
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ribs  and  knees  at  short  distances,  to  the  rectangular  tube,  with  web 
stiffeners  and  gussets  every  2  ft.,  together  with  the  cellular  top  and 
bottom,  borrowed  from  a  previous  design  of  his,  was  not  intrinsically 
so  great  an  innovation,  after  all. 

The  spectacle  of  an  accident  to  an  iron  vessel  and  the  evidence  of  its 
stanchness  in  resisting  the  waves,  and  holding  together,  is  said  to  have 
exerted  a  strong  influence  on  Mr.  Fairbairn,  the  manufacturer,  and 
through  him,  on  Mr.  Stephenson,  as  to  the  ability  of  a  similar  iron 
framework  to  carry  rolling  loads. 

Later,  when  the  method  of  floating  the  tubes  was  considered,  there 
naturally  followed  the  idea  of  doing  without  the  use  of  scows,  but,  for 
good  reasons,  that  method  was  not  adopted. 

The  Conway  Bridge. — Work  was  wisely  begun  on  the  smaller  bridge, 
at  the  Conway  Kiver  (May,  1846),  and,  after  two  years  of  experiment 
and  construction,  the  first  tube  was  floated  from  its  falsework,  some 
600  ft.,  to  the  site  it  now  occupies. 

Steam  riveting  machines  had  been  used  throughout,  and  half-round 
"rimmers."  The  type  of  tube  had  been  decided  chiefly  from  tests  on  a 
model  of  one-sixth  the  size  of  the  bridge.  Not  satisfied  with  this,  Mr. 
Stephenson  supported , the  tube  at  its  ends,  cut  out  the  falsework,  and 
loaded  it  with  cars  containing  iron  plates.  The  resulting  deflection 
was  so  small  that  no  similar  test  was  necessary  again. 

The  floating  of  the  tube  (26  ft.  high,  14  ft.  wide,  inside,  412  ft. 
long,  and  having  a  weight  of  1  417  tons  of  2  000  lb.)  was  done  by  six 
scows  (each  98  ft.  long,  25  ft.  wide,  and  8  ft.  deep)  arranged  in  two 
sets  of  three.  This  provided  for  an  overhang  at  each  end,  sufficient  to 
take  the  timber  seats  prepared  in  the  recesses  of  the  abutments,  at  some 
distance  from  the  shore  line.    The  tubes  were  6  ft.  6  in.  above  the  water. 

There  were  two  guide-chains  under  water,  with  which  it  was  sup- 
posed that  the  movement  could  be  controlled  in  a'  manner  similar  to 
that  of  a  ferry  on  a  suspended  cable,  but  they  proved  almost  useless, 
and  most  of  the  hauling  was  done  by  two  Manila  hemp  cables,  each 
operated  from  a  50-man  capstan.  The  force  was  about  350  men,  on 
land  and  water.  A  steamer  was  at  command,  but  seems  to  have  acted 
only  as  a  utility  boat. 

Som.e  progress  was  made  against  the  rising  tide,  but  more  when 
it  slackened  at  the  flood,  and  enabled  the  tube  to  be  easily  hauled  to 
place,  clearing  the  abutments  by  4  in.  at  each  end.     The  average  rise 
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of  tlie  tide  was  18  ft.  and  the  clearance  of  the  bridge  was  also  18  ft., 
so  that  a  lift  of  about  12  ft.  remained  to  be  made. 

This  was  done  by  a  hydraulic  press  (18-in.  ram  with  a  6-ft.  stroke) 
at  each  end. 

The  weight  of  the  tube  was  transferred  first  to  a  cast-iron  frame 
inside;  thence  to  eye-bars  with  pin  connections;  and  thence  to  the 
cross-head  of  the  press  above.  A  small  steam  engine  and  pump,  to 
force  water  into  the  press,  were  attached. 

Barring  the  pulling  out  of  a  cylinder  head,  and  the  delay  in  re- 
placing it  with  a  stronger  one,  the  work  was  continuous;  but  cast  iron 
was  either  eliminated  or  heavily  reinforced  with  wrought  iron  at  the 
Britannia  Bridge. 

Mr.  Stephenson  passed  through  on  the  first  locomotive  in  April, 
1848. 

It  may  be  well  to  note  here  the  early  decision  with  regard  to 
painting  plates  before  riveting  them  together,  which  was,  that  close 
contact  is  thereby  prevented.  The  claim  was  made  that  old  pieces  of 
riveted  work  were  most  sound  at  the  joints.  Where  necessary,  a  mix- 
ture of  red  and  white  lead  was  used  as  a  filler. 

The  cellular  floor  and  top  chord,  built  up  of  plates  and  angles,  were 
large  enough  to  allow  a  man  to  paint  them  from  the  inside.  The 
track  floor  was  cheaply  water-proofed  with  a  mixture  of  coal-tar,  lime, 
and  turpentine.  A  corrugated,  galvanized-iron  roof  was  constructed 
over  the  whole  tube. 

The  price  per  (long)  ton  was  £37,  and  the  total  cost  of  the  Conway 
Bridge  was  £145  200. 

The  Britannia  Bridge. — The  Britannia  Bridge  connects  Wales  and 
the  Island  of  Anglesey,  across  Menai  Straits.  The  two  main  spans 
are  each  460  ft.  in  the  clear,  and  were  floated  to  place,  whereas  the 
approach  spans  were  constructed  on  falsework  at  the  site. 

The  Government  required  105  ft.  clearance  above  high  water,  and 
therefore  a  hollo iv,  center  tower,  220  ft.  high  or  more,  was  required 
on  Britannia  Rock.  The  foundations  were  begun  on  Good  Friday, 
1846,  and  the  last  stone  was  laid  in  June,  1849,  the  masons  working 
12  hours  a  day  for  6  days  in  the  week,  in  order  not  to  hold  back  the 
tubes.  The  latter  were  80  ft.  high,  14  ft.  wide,  inside,  and  weighed 
2  150  tons. 

In   floating  each   tube   650   men   were  employed,    about   400   being 


KErLACEMENT    OE    THE    HARLEM    SHIP    CANAL    BlilDGE  17 

sailors  hired  for  the  occasion.  Eight  scows  were  used,  in  much  the 
same  way  gs  at  the  Conway  Bridge,  and  were  guided  by  Manila  cables 
buoyed  up  by  casks.  Tarred  Manila  ropes  were  used  for  hauling, 
with  "cable-stoppers"  and  "messengers." 

The  four  tubes  were  handled  in  conformity  with  written  instruc- 
tions, after  Mr.  Stephenson  had  made  experiments  with  models  on  a 
small  pond.  The  various  rocks  and  shoals  were  indicated,  together 
with  the  scows,  tubes,  and  lines,  and  everything  that  it  was  possible 
to  foresee  was  discussed. 

At  the  moving,  he  and  others  (including  Captain  Claxton,  who 
liad  immediate  charge)  occupied  a  position  on  the  top  of  the  tube, 
and  from  that  elevation  signals  by  flags  were  given  to  each  boat 
concerned. 

Although,  in  floating  the  four  tubes,  there  were  instances  of  heavy 
cables  snapping,  and  of  severe  bumps,  yet,  in  general,  the  men  were 
equal  to  the  emergencies,  and  landed  the  tube  each  time  in  the  re- 
cesses of  the  masonry,  before  the  tide  fell.  Two  steamers  were  in 
attendance. 

The  lifting  machinery  was  considerably  improved,  the  press  having 
a  20-in.  ram,  lined  with  brass,  and  having  a  6-ft.  stroke  as  before. 
Leaks  were  stopped  with  oatmeal  gruel  and  sal-ammoniac,  and,  later, 
by  a  second  U-shaped  leather  collar  below  the  first. 

Brickwork  in  cement  followed  closely,  but,  in  spite  of  this,  the 
first  tube,  during  one  lift,  dropped  8  or  9  in.,  doing  considerable  damage. 

In  the  raising  of  each  tube,  6  ft.  per  day  was  accomplished  for  about 
16  days,  and  a  single  track  was  put  in  use  in  March,  1850.  The  fourth 
tube  was  floated  in  July,  1850. 

The  Britannia  Bridge  was  riveted  by  hand.  The  total  cost  was 
£601  865,  and  of  this,  one-fourth  was  for  masonry.  Both  the  Conway 
and  Britannia  Bridges  are  still  in  use. 

Associated  with  Mr.  Stephenson  were  Mr.  I.  K.  Brunei,  and  Captain 
Claxton;  and  as  these  gentlemen  were  soon  afterward  engaged  at  the 
Chepstow  and  Saltash  Bridges,  in  similar  movements,  brief  mention 
of  these  may  naturally  be  made  next. 

The  Chepstow  Bridge. — The  chief  feature  at  the  Chepstow  Bridge 
Cover  the  River  Wye),  barring  the  pneumatic  process  used  in  sinking 
the  cylindrical  foundations,  was  the  design  and  erection  of  the  300-ft. 
channel  span. 
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The  top  chord  was  composed  of  one  wrought-iron  tube,  9  ft.  in  diam- 
eter, treated  like  a  trussed  beam  of  three  panels,  except  that  there 
were  two  suspended  chains,  with  the  track  between.  The  height  of  the 
truss  was  50  ft.  Pins  7  in.  in  diameter  were  used  at  the  ends.  A 
second  tube  for  the  other  track  enabled  lateral  bracing  to  be  introduced, 
and  stiffened  each. 

Following  out  the  cautious  method  of  the  Conway  Bridge,  the 
first  span  was  erected  on  falsework  and  tested  with  a  live  load  of  2| 
(long)  tons  per  linear  foot.  The  wrought  iron  in  each  truss  weighed 
460  (long)  tons.  It  was  then  taken  apart,  and  the  tube  itself,  sup- 
ported by  posts  and  chains,  was  floated  (April,  1852),  on  six  wrought- 
iron  barges.  It  had  to  be  done  quickly,  as  the  rise  of  spring  tides  was 
40  ft.  The  use  of  crabs  with  two  barrels  enabled  hauling-chains  to 
be  wound  without  difficulty. 

The  tube  was  lifted  by  jacks,  during  the  day,  some  40  ft.,  and, 
later,  it  was  raised  50  ft.  more,  to  its  final  position. 

A  single  line  was  opened  up  in  July,  1852.  This  was  the  first 
circular  tube  of  large  size  introduced  as  a  bridge  member. 

The  Saltash  Bridge. — In  the  Saltash  Bridge,  a  single-track  struc- 
ture across  the  Tamar  River,  near  Plymouth  (also  on  the  Cornwall 
Railway),  the  top  chord  tube  was  made  elliptical  (16  ft.  9  in.  wide 
and  12  ft.  3  in.  high).  The  bottom  chord  was  double.  The  type  of 
truss  was  a  bowstring,  with  the  string  curved  equally  with  the  bow. 

Mr.  Brunei*  (3d)  states  that  "the  mode  of  floating  and  lifting  the 
superstructure  had  great  influence  in  the  preparation  of  the  design" 
— meaning  cylindrical  foundations  and  cast-iron  columns,  as  well  as 
truss  design. 

There  were  two  single  spans  of  455  ft.,  56  ft.  high,  and  each  con- 
tained 1  200  tons  of  wrought  iron.  The  bottom  chord  was  of  7  by  1-in. 
bars,  20  ft.  long.     There  was  a  solid  ballast  floor  throughout. 

The  work  was  begun  in  1853,  but  was  delayed,  on  account  of  the 
difficulty  of  founding  a  35-ft.  cylinder,  by  using  compressed  air,  at  a 
depth  of  88  ft.  below  high  water.  This  was  the  first  successful  attempt 
on  a  large  scale. 

Meanwhile,  the  superstructure  was  manufactured,  put  together,  and 
afterward  tested  at  its  falsework  by  a  live  load  of  1  340  tons,  uniformly 
distributed.    The  deflection  was  5  or  6  in.,  and  was  deemed  satisfactory. 


♦  "The  Life  of  Isambard  Kingdom  Brunei,  CiviJ  Engineer,''  by  Isambard   Brunei, 
B.  C.  L.,  London,  1H70. 
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It  was  as  late  as  September  1st,  1857,  before  the  first  span  was 
moved,  and  information  in  relation  to  it  is  comparatively  meager. 
The  methods  used  at  the  Britannia  Bridge  were  followed.  The  actions 
of  the  500  men  engaged  were  regulated  in  accordance  with  printed 
instructions  which  had  been  issued,  and  with  flag  signals  from  the 
"bridge,"  where  Mr.  Brunei  and  others  were  stationed  during  the 
passage,    Mr.  Stephenson  was  too  ill  to  be  there. 

The  move  was  at  first  outward  from  the  shore,  then,  after  an  inter- 
val in  which  the  hawsers  were  shifted,  up  the  river,  endwise  to  the 
center  pier,  then  a  quarter  turn  was  made,  and  finally,  an  accurate 
placing  by  strong  lines  at  the  piers.  There  was  a  clearance  of  a  few 
feet  above  the  water.  The  tide  was  not  swift  and  there  were  no  mis- 
haps mentioned. 

The  lifting  was  done  3  ft.  at  a  time,  separately  at  each  end.  At 
the  center  pier,  cast-iron  columns  (braced)  were  built  up  as  fast  as 
these  lifts  were  made;  but,  at  the  shore  end,  the  masonry  proceeded 
more  slowly.  There  was  no  cause  for  hurry,  as  the  river  traffic  went 
through  the  other  opening.  There  was  finally  a  clear  distance  of  100 
ft.  above  spring  tides;  and  the  total  height  above  the  foundations  was 
260  ft.  to  the  highest  point  of  the  trusses. 

Three  hydraulic  presses  or  jacks  were  used  under  each  end.  The 
rams  had  a  screw-thread,  arranged  with  a  nut  in  such  a  way  that  the 
tube  was  supported  at  all  times.  Timber  packing  was  also  used.  By 
July,  1858,  the  full  height  was  reached.  The  second  span  was  floated 
successfully  soon  after.  In  May,  1859,  the  bridge  was  declared  open 
by  Prince  Albert,  after  whom  it  was  named  the  Boyal  Albert  Bridge. 
The  total  cost  was  £225  000.  The  fiftieth  anniversary  has  recently 
been  celebrated,  the  old  bridge  remaining  as  it  was  originally. 

Other  Bridges. — Passing  by  well-known  examples  of  this  method  of 
erection — the  Moerdyck  Bridge  (1875),  the  new  Tay  Bridge  (1885), 
the  Hawkesbury  Bridge  (1889),  and  others  of  500  tons  or  less,  in 
which  about  the  same  or  similar  principles  were  involved — we  come 
(1890)  to  the  523-ft.,  single-track,  through  bridge  across  the  main 
channel  of  the  Ohio  Eiver,  below  Pittsburg,  on  the  Ohio  Connecting 
Railway  (Pittsburg,  Cincinnati,  Chicago,  and  St.  Louis  Railway), 
erected  by  the  Keystone  Bridge  Company,  C.  L.  Strobel,  M.  Am.  Soc. 
C.  E.,  Chief  Engineer. 

The  Government,  having  required  the  long  span  and  also  a  clear 
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height  of  75  ft.  above  mean  water  level,  and  having  limited  the  time 
during  which  the  river  might  be  obstructed,  it  became  necessary  to 
build  the  falsework  at  a  corresponding  height,  assemble  and  erect  the 
bridge  upon  it,  and  then  float  the  structure  to  its  site,  as  quickly  as 
possible. 

Nineteen  bents  of  5  piles  each  were  driven  and  cut  off  16  ft. 
above  the  water.  On  these  were  framed  bents  of  5  posts  each,  with  an 
80-ft.  sill  and  a  32-ft.  cap,  all  with  the  usual  railroad  trestle  dimen- 
sions. At  the  base,  across  each  alternate  bay,  20-in.  I-beams  were 
added.  Under  these  were  duly  placed  nine  ordinary  coal  barges  (130 
by  26  by  8  ft.). 

The  weight  of  the  bridge  was  about  900  tons.  The  trusses  were 
65  ft.  high.  The  bracing  of  the  bents  into  towers  and  the  binding 
of  them  together  by  rods  with  turnbuckles  was  susceptible  of  careful 
study,  and,  once  accomplished,  eliminated  the  principal  cause  of  un- 
certainty. At  Hawkesbury,  the  Union  Bridge  Company  had  effected 
this  by  a  single  pontoon,  335  ft.  long,  well  braced  with  timber  and 
wire  cables  internally,  but  with  the  superstructure  at  a  much  lower 
level.     In  both  cases,  the  hauling  to  place  was  done  by  cables. 

At  Pittsburg,  two  scows  were  fastened  to  the  bows  of  the  end 
barges  (leaving  the  three  barges  in  the  middle  unattached),  and  on 
these  scows  four  engines  controlled  the  lines  up  to  the  bridge  piers. 
The  nine  barges  were  braced  together  at  the  bow,  and,  after  floating 
out  to  clear  the  piles,  they  were  braced  likewise  at  the  stern.  The 
current  in  the  river  was  slight,  and,  although  a  couple  of  heavy  showers 
occurred  while  the  scows  were  being  moved  the  few  hundred  feet  neces- 
sary, there  was  no  bumping  against  shore  or  against  obstructions. 

The  itinerary  of  the  work  was  as  follows  :* 

8.50  A.  M.^  August  19th. — Sufficient  water  had  been  pumped  from 
the  barges  so  that  the  mass  rested  on  them. 

11.15  A.  M. — The  barges  had  been  floated  out  toward  the  center  of 
the  river,  thereby  clearing  the  bents  of  piles. 

7.30  p.  M. — Water  was  again  admitted  to  the  barges,  and  the  span 
cleared  the  bridge  seats  by  2  ft. 

8.20  p.  M. — The  span  was  about  9  in.  clear.  The  work  was  blocked 
up  and  left  until  the  following  morning. 

7.30  A.  M.,  August  20th. — The  lowering  was  continued,  so  that  the 
bridge  rested  on  its  piers.     The  barges  were  removed  later  in  the  day. 

*  Engineering  News,  September  20th,  1890. 
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There  had  been  no  distortion  of  bents  or  barges,  nor  any  important 
casualty  of  any  kind. 

In  Canada,  the  Dominion  Bridge  Company  has  erected  several 
bridges  of  note,  in  this  manner. 

The  Coteau  Bridge  (1890),  across  the  St.  Lawrence  (Grand  Trunk 
Railway)  west  of  Montreal,  has  single-track  spans  of  175  to  223  ft. 

The  Shubenacadie  Bridge,  in  Nova  Scotia  (1901),  across  an  arm 
of  the  Bay  of  Fundy  (Grand  Trunk  Railway),  has  single-track  spans 
of  215  ft.,  each  weighing  150  tons. 

The  Miramichi  River  Bridge,  Newcastle,  N.  B.  (1902),  has  single- 
track  spans  of  204  ft.,  each  weighing  320  tons. 

The  French  River  Bridge,  Ontario,  a  single-track  span  of  415  ft. 
weighing  1  424  tons,  was  erected  by  the  Canadian  Pacific  Railroad 
in  1907.  This  was  slid  endwise  from  the  embankment  upon  a  scow 
(155  by  33  by  12  ft.)  and  thence  was  hauled  to  place  by  lines  from  an 
engine  on  the  scow. 

Local  difficulties  in  all  these  cases  were  overcome  successfully. 

Sand  Jacks. — The  use  of  sand  in  jacking  up  or  in  fetting  down 
bridges  of  moderate  tonnage  dates  back  to  1878,  or  even  earlier,  in 
Europe. 

The  most  noteworthy  instance  of  this  sort  in  America  was  wit- 
nessed by  the  writer  on  Sunday,  December  20th,  1903,  at  Newark,  N.  J., 
when  the  220-ft.  double-deck  draw-bridge  of  the  Delaware,  Lacka- 
wanna and  Western  Railroad,  across  the  Passaic  River,  was  moved, 
complete  and  ready  for  use,  to  its  present  position,  under  the  direc- 
tion of  Lincoln  Bush,  M.  Am.  Soc.  C.  E.,  Chief  Engineer.  The  bridge 
is  center-bearing,  and  has  four  tracks.  It  was  moved  up  stream  some 
40  ft.  and  lowered  lOi  ft.  from  its  level  at  the  old  pier. 

Several  years  before,  it  had  become  necessary  to  renew  the  old 
draw,  and  as  grade-crossing  work  was  in  progress  in  the  vicinity,  the 
new  draw  was  designed  accordingly,  and  the  lower  deck  used  tem- 
porarily. 

The  weight  of  the  bridge  was  1  017*  tons,  and  the  sand  and  timber- 
work  936  more,  a  total  of  1  953  tons  on  the  scows  above  the  deck. 

A  year  or  so  before,  there  had  been  experiments  on  the  action  of 
sand  in  compression  by  loading  two  83-ft.  girders  on  a  pair  of  plungers 


*  Engineering  Neirs,  Vol.  50,  p.  596. 
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fitting  into  4  by  6-ft.  boxes.  It  was  found  that  there  was  little  swelling, 
that  the  most  favorable  angle  of  the  side  holes  was  45°,  and  that 
the  holes  should  be  made  funnel-shaped,  with  a  diameter  of  2  in.  inside 
and  3  in.  outside  the  box.  There  were  also  2-in.  holes  in  the  bottom  of 
the  box.    All  holes  were  regulated  by  slides. 

The  bridge  rested  on  two  scows  under  each  arm,  and  there  were 
four  sand  boxes  of  12  by  12-in.  stuff,  each  52  ft.  long,  12^  ft.  high  and 
about  4  ft.  wide,  inside  measurements.  The  plungers  had  a  clearance 
of  i  in.,  and  their  pressure  on  the  sand  was  less  than  1^  tons  per  sq.  ft. 

The  rise  of  tide  at  Newark  is  generally  somewhat  more  than  4  ft. 
but  on  the  day  the  bridge  was  moved  the  wind  and  tide  were  perverse, 
and,  unfortunately,  there  was  a  rain  all  day;  so  that  it  was  with  dif- 
ficulty that  the  sand  was  kept  in  prime  flowing  condition,  tarpaulins 
being  used  to  protect  it  as  much  as  possible. 

In  spite  of  all  precautions,  there  was  irregular  settling,  and  time 
was  lost  in  balancing  the  movement.  The  bridge  had  been  raised  by 
the  tide,  helped  by  four  centrifugal  pumps.  A  boiler  scow  and  pump 
was  held  in  reserve.     The  rate  of  movement  was  as  follows : 

At  G.30  A.  M.,  the  old  supports  were  cleared, 
"    9.35  A.  M.,  began  lowering  at  the  new  site, 
"    5.00  p.  M.,  the  span  rested  on  the  new  pivot, 
"    6.15  p.  M.,  all  scows  had  been  released, 
"    8.30  p.  M.,  the  first  train  crossed  over. 

The  objection  to  this  method  is  the  likelihood  of  wetting  the  sand 
(which  in  this  case  was  screened  through  a  sieve  of  |-in.  mesh)  and  the 
consequent  ignorance  as  to  what  is  going  on  inside  the  boxes.  Under 
such  conditions,  looking  for  evidence  of  strain  in  heavy  timber  is  a 
responsibility  which  few  engineers  would  care  to  take. 

Finally,  other  flotation  operations  on  the  Harlem  River  should  be 
mentioned,  namely:  At  Macomb's  Dam  Bridge,  at  Madison  Avenue, 
and  possibly  at  the  crossing  of  the  New  York  Central  and  Hudson 
Kiver  Railroad— operations  which  deserve  to  be  recorded  in  detail. 
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DISCUSSION 


Lincoln  Bush,  M.  Am.  Soc.  C.  E.  (by  letter). — In  reference  to  tlie    Mr. 
use  of  sand  jacks  for  lowering  the  draw-bridge  of  the  Delaware,  Lacka-  ^"'*^- 
wanna  and  Western  Railroad  over  the  Passaic  River  at  Newark,  N.  J., 
on  December  20th,  1903,  the  following  comments  are  offered: 

On  the  day  the  bridge  was  moved  and  lowered,  rain  commenced  at 
1.20  A.  M.,  and  continued  until  5.00  p.  m.,  at  which  time  the  bridge 
rested  on  the  new  center  pier  in  exact  position,  the  precipitation  during 
this  time  being  1.23  in.  In  order  to  keep  the  sand  dry  while  the 
sand  boxes  were  being  filled  and  for  the  same  purpose  after  they 
were  filled,  tarpaulins  had  been  provided  before  the  operation.  During 
the  night  prior  to  the  move,  one  of  the  tarpaulins  accidentally 
became  partly  removed  on  the  south  side  of  one  of  the  four  boxes, 
letting  some  water  into  the  sand  near  the  top  of  the  box.  This  wet 
sand,  however,  caused  a  delay  of  only  20  min.  in  the  lowering,  and, 
aside  from  this  incident,  there  was  not  the  least  difficulty  in  keeping 
the  sand  dry,  even  with  the  heavy  precipitation  of  1.23  in. 

Mr.  Howe  mentions  the  irregular  settling  and  lost  time  in  balancing 
the  movement.  He  probably  refers  to  the  lowering  of  one  end  of  the 
bridge  at  a  time,  which  was  done  in  2-ft.  stages.  The  day  was  chilly, 
and  the  men  were  wet  to  the  skin.  The  writer  was  reasonably  certain 
that  the  operation  could  be  completed  on  schedule  time,  by  handling 
the  lowering  slowly  and  carefully,  rather  than  by  seeing  how  quickly 
it  could  be  done,  and,  instead  of  lowering  both  ends  of  the  bridge  at 
the  same  time,  he  adopted  the  plan  already  mentioned.  It  was  shown 
by  tests  made  with  test  sand  boxes,  and  in  the  actual  lowering  of  the 
bridge  itself,  that  the  bridge  could  b^  lowered  very  readily  at  the  rate 
of  3  in.  per  min. 

Observations  on  the  tide  movements  at  the  bridge  site  for  four 
months,  and  other  reliable  data,  showed  that  at  times  the  minimum 
low  tide  did  not  fall  below  zero  or  mean  tide,  and  that  the  maximum 
low  tide  frequently  fell  to  an  elevation  of  3  ft.  below  mean  tide.  These 
data  also  showed  that  at  times  the  high  tide  did  not  go  above  mean 
tide,  and  that  the  maximum  high  tide  at  times  rose  to  a  point  4  ft. 
above  mean  tide.  These  observations  showed  that  the  minimum  varia- 
tion between  high  and  low  tide  was  nothing,  and  that  the  maximum 
variation  was  7  ft.  The  normal  variation  for  low  tide  at  the  bridge 
site  is  — 2.5  ft.  (below  mean  tide),  and  the  normal  variation  for  high 
tide  is  +2.5  ft.  (above  mean  tide). 

The  work  had  to  be  done,  as  planned,  in  12  hours,  in  other  words, 
from  low  tide  to  low  tide.  When  the  four  barges  were  run  under  the 
bridge,  the  low  tide  was  — 1.9  ft.,  and  when  they  were  released  at  the 
next  low  tide,  fell  to  only  — 1  ft.   instead   of  a   normal  low  tide  of 
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Mr.  — 2.5  ft.  The  high  tide  rose  to  +3.0  ft.  instead  of  a  normal  high 
^"  ^'- tide  of +2.5  ft. 

The  tests  made  with  test  sand  boxes  showed,  with  most  convincing 
evidence,  that  dry  sand,  carrying  a  load  of  about  2  500  lb.  per  sq.  ft., 
produced  very  little  lateral  pressure;  and  no  outward  deflection  of  the 
timber,  with  a  straight-edge  on  the  sides  of  the  boxes,  was  discernible. 
Neither  was  there  any  perceptible  deflection  in  the  sides  of  the  timber 
boxes  used  in  lowering  the  bridge,  except  with  one  box  where  wet  sand 
occurred,  and,  as  stated,  this  was  relieved  with  a  delay  of  only  20  min. 
by  opening  the  sand  holes  lower  down  in  the  box  where  dry  sand  flowed 
out  freely.* 

The  fact  that  the  work  was  done  on  schedule  time,  as  planned,  with 
abnormal  tide  conditions  and  a  heavy  rainfall  continuing  throughout 
the  operation,  should  be  convincing  evidence  that  this  method  of  lower- 
ing a  heavy  structure,  tempered  with  good  judgment,  is  perfectly  safe, 
economical,  and  efiicient. 

Mr.  Martin  Gay,  M.  Am.  Soc.  C.  E. — When  the  proposal  was  first  made 
^^'  to  run  the  trains  of  the  Rapid  Transit  Railroad  across  the  Harlem 
Ship  Canal  Bridge,  it  was  thought  feasible  to  add  an  upper  deck  to 
the  old  draw-span  and  to  build  new  spans  above  the  old  approaches. 

This  was  objected  to  by  the  Department  of  Bridges,  under  the 
jurisdiction  of  which  the  bridge  came,  on  the  ground  that  the  turn- 
table, though  well  designed  and  sufficient  to  carry  its  comparatively 
light  load  of  some  700  tons,  was  not  substantial  enough  to  endure  the 
racking  and  distortions  due  to  a  moving  load  of  perhaps  twice  that 
weight. 

While  this  point  was  under  discussion  by  the  engineers  of  the 
Department  of  Bridges  and  the  Rapid  Transit  Commission,  several 
other  interests  came  into  view.  For  some  years  the  Kingsbridge 
Railroad  Company  had  held  a  franchise  permitting  it  to  cross  the 
bridge,  and  its  officers  had  discussed  the  question  with  sufficient  serious- 
ness to  cause  the  Department  of  Bridges  to  make  a  study  of  the  situa- 
tion and  to  determine  that  it  would  be  necessary  to  strengthen  tlie 
floor  system  and  practically  rebuild  it  at  a  higher  elevation,  and  also 
to  change  the  grade  of  the  approaching  streets.  This  would  have  been 
a  matter  of  considerable  expense. 

Also,  the  New  York  Central  Railroad,  in  connection  with  the  plan 
for  the  elimination  of  grade  crossings,  had  prepared  to  abandon  the 
long  curve  with  many  crossings  through  Kingsbridge  Village,  and  to 
cross  from  the  east  bank  of  the  Harlem  River  to  the  east  bank  of  the 
Hudson,  following  the  north  bank  of  the  Ship  Canal  and  passing 
under  the  Ship  Canal  Bridge.    To  do  this  an  additional  space  of  12  ft. 


*An  accurate  and  full  presentation  of  this  operation  and  the  tests  made  prior  to  it 
are  given  in  Engineering  Neina,  December  3iSt,  19()B. 


DISCUSSION    ON    HARLEM    SHIP    CANAL   BRIDGE  25 

was  required  between  the  bulkhead  of  the  canal  and  the  north  abutment  Mr. 
of  the  bridge.  ^^y- 

Also,  at  this  time  the  Department  of  Bridges  was  planning  a  new 
bridge  across  the  Harlem,  near  Fordham  Landing,  and  had  about 
determined  to  build  a  double-leaf  rolling  lift  of  the  Scherzer  type. 

It  was  to  the  combination  of  these  various  interests  that  we  owe 
this  admirable  paper.  Each  party  to  the  combination  contributed  its 
share  of  the  cost  of  the  project,  either  in  money  or  in  work,  or  both, 
and  each  got  what  it  wanted. 

Mr.  Howe  has  described  the  work  of  moving  the  bridge  so  clearly 
that  little  can  be  said  on  that  head. 

Each  of  the  six  operations,  that  is,  moving  out  an  old  span  or 
moving  in  a  new  one,  was  not  of  itself  a  very  complex  problem,  but, 
taken  altogether,  it  was  a  work  of  considerable  magnitude,  and  con- 
sidering the  cramped  space  in  which  the  contractor  was  obliged  to 
maneuver  the  approach  spans,  the  uncertainty  of  the  tides,  and  the 
short  space  of  time  during  which  he  could  obstruct  travel,  the  problem 
was  one  requiring  nice  calculation  and   unusual  judgment. 

The  time  during  which  street  travel  could  be  obstructed  was  fixed 
by  the  Department  of  Bridges,  whose  duty  it  was  to  consider  the  con- 
venience of  the  public,  after  consultation  with  Messrs.  Terry  and 
Tench,  as  to  the  methods  they  proposed  to  use  and  the  time  they  would 
require.  The  Department  was  not  willing  to  deprive  people  of  an 
opportunity  to  cross  the  stream  for  a  longer  time  than  necessary,  and 
did  not  wish  to  impose  oppressive  conditions  on  the  contractors. 

It  was  estimated  that  one  day  would  be  sufficient  to  move  and  re- 
adjust each  of  the  approach  spans,  allowing  for  accidents  and  delays, 
and  that  3  days  would  be  required  for  the  draw-span.  Therefore,  the 
permit  allowed  street  travel  to  be  interrupted  for  a  total  time  of  5  days, 
but  not  for  more  than  3  days  consecutively.  That  no  very  serious 
delays  occurred  is  indicated  by  an  analysis  of  Mr.  Howe's  figures, 
which  shows  that  the  total  time  of  interrupted  travel  was  3  days,  K') 
liours,  35  min.,  and  that  during  the  moving  of  the  draw-span,  tlir 
interruption  was  less  than  the  stipulated  3  days  by  4  hours,  55  min. 

Each  of  the  three  new  spans  was  put  to  use  by  vehicles  and  pedes 
trians  as  soon  as  it  was  placed  in  position,  and  the  draw-span  wns 
opened  to  pass  vessels  without  causing  any  delay  to  river  traffic. 

The  old  spans,  which  have  become  a  part  of  the  University  Heights 
Bridge,  had  to  have  considerable  changes  in  order  to  bring  them  u])  to 
modern  requirements,  and  they  have  done  duty  continuously  since  the 
formal  opening  of  the  bridge. 

In  all  operations  of  this  nature  on  the  Harlem  Kiver,  of  which 
there  is  any  record,  the  rise  and  fall  of  the  tide  has  been  counted  on 
as  a  factor  and  has  been  used  to  some  purpose,  and  yet  it  is  such  an 
uncertain  factor  that  in  almost  every  case,  other  means  for  raisiug  or 
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Mr.  lowering  have  been  provided  and  usually  resorted  to,  ii^i  order  to 
*  supplement  the  deficiency  of  tidal  power.  As  the  movements  of  the 
tides,  of  greater  or  less  extent,' take  place  at  more  or  less"  definitely 
known  times,  they  must  be  reckoned  with.  On  a  non-tidal  stream, 
however,  where  other  power  would  of  necessity  be  provided,  the  attend- 
ant uncertainty  and  anxiety  regarding  the  behavior  of  the  tide  would 
be  eliminated,  and  probably  the  cost  would  not  be  greatly  increased. 

One  occasion  on  which  the  lifting  power  of  the  tide  was  used  to 
good  advantage,  but  perhaps  not  with  any  great  economy,  was  in  the 
moving  of  the  draw-span  of  the  old  Macomb's  Dam  Bridge,  of  which 
Mr.  Howe  has  spoken.  The  bridge  was  built  in  the  early  Sixties,  and 
was  replaced  in  1892  by  the  present  structure,  which  was  designed 
and  the  construction  supervised  by  A.  P.  Boiler,  M.  Am.  Soc.  C.  E. 
It  was  necessary  to  remove  the  old  bridge  to  make  way  for  the  new 
one,  and  it  was  also  necessary  to  provide  for  public  travel.  It  was 
decided,  therefore,  to  move  the  draw  one  block  north  of  the  old  site,  to 
the  line  of  156th  Street.  A  pivot  pier  and  approaches  having  been 
constructed  at  an  elevation  12  ft.  lower  than  that  of  the  bridge,  the 
problem  was  to  move  the  draw-span  about  200  ft.  north,  and  to  lower 
it  12  ft.  to  its  new  position  without  obstructing  navigation.  This  was 
done  by  lifting  the  span  on  two  scows  and  a  cribbing  of  12  by  12-in. 
timbers,  and  towing  it  to  a  pile  and  cribbing  pier  which  had  been  built 
near  the  bank  of  the  stream  and  out  of  the  course  of  passing  vessels. 

Here  it  was  deposited  safely  at  an  elevation  somewhat  lower  than 
that  from  which  it  had  started.  When  the  next  flood  tide  raised  the 
scows  and  bridge,  a  course  of  crib  timbers  was  pulled  off  the  pier,  and 
as  the  span  settled  with  the  ebb  tide  and  rested,  a  course  of  crib 
timbers  was  taken  off  the  scows.  As  the  next  flood  tide  freed  the  span 
from  the  pier,  another  course  of  timbers  was  removed  and  so  on,  until 
it  rested  at  the  proper  elevation  to  be  floated  across  to  the  permanent 
pier  and  be  placed  in  position. 

An  instance  of  the  tide  not  doing  its  duty,  as  expected,  was  at  the 
moving  of  the  Madison  Avenue  draw-span,  where  an  east  storm  made 
an  early  flood  which  caught  and  held  the  scows  under  the  span  after 
it  had  been  landed.  Considerable  damage  might  have  resulted,  but 
for  the  scuttling  of  one  of  the  scows. 

Mr.  St.  John  Clarke,  M.  Am.  Soc.  C.  E. — As  Mr.  Oay  has  mentioned 

a  design  prepared  for  this  bridge,  in  which  parts  of  the  old  bridge 
were  used,  it  may  be  of  interest  to  explain  more  fully  the  reason  for 
making  this  design. 

When  the  crossing  of  the  Harlem  at  this  point  was  being  con- 
sidered by  the  engineers  of  the  Rapid  Transit  Commission,  it  develope(l 
that  the  Bridge  Department  desired  a  wider  bridge,  and  also  wanted 
to  use  the  old  bridge  at  the  lower  crossing;  that  the  New  York  Central 
wanted  to   (change   the  northern   span,   so   as   to  give   more  head-room 
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and  also  room  for  more  tracks;  and  that  the  Metropolitan  Street  Rail-  Mr. 
way  Company  was  considering  a  change  in  the  floor  system  of  the  old  ^^  ^' 
bridge,  so  as  to  provide  a  slot  and  conduit  in  order  to  allow  the  surface 
cars  to  cross  the  bridge  and  continue  up  Broadway.  Changes  in  the 
old  bridge  for  any  one  of  these  interests  would  have  been  quite 
expensive;  but  to  provide  for  these  several  requirements  in  a  new 
bridge  would  not  add  very  materially  to  its  cost. 

The  stand  was  taken  by  the  other  interests  that  the  Rapid  Transit 
Commission,  or  rather  its  contractor,  had  to  build  a  new  bridge  in  any 
case,  and  that,  while  doing  so,  it  would  be  better  to  provide  for  all 
future  uses  of  the  bridge,  the  additional  cost  being  small.  It  is  hardly 
necessary  to  add  that  these  interests  displayed  no  great  willingness  to 
assume  a  fair  share  in  the  cost  of  the  new  bridge. 

It  was  because  of  this  condition  of  affairs  that  the  speaker,  as 
General  Inspector  of  Designs,  considered  the  possibility  of  using  the 
old  bridge.  A  design  was  prepared  utilizing  the  floor  system,  turn- 
table, and  machinery,  with  the  bottom  chord  of  the  old  draw,  new 
and  deeper  trusses  being  provided.  This  design  complied  with  all 
the  theoretical  requirements  of  the  Bridge  Department,  and  it  was 
shown  that  the  old  bridge  could  be  altered  to  serve  the  Rapid  Transit 
Railroad.  When  this  was  evident,  and  not  before,  it  became  possible 
to  make  a  fair  arrangement  with  the  various  interests  involved.  The 
new  bridge  was  designed,  and  all  those  using  it  contributed  to  the  cost. 

All  were  somewhat  disappointed  because  the  design  for  using  the 
old  bridge  was  not  adopted,  as  it  seemed  hardly  fair  to  these  plans 
after  they  had  served  their  purpose  so  well. 

Theodore  Belzner,  Jun.  Am.  Soc.  C.  E.  (by  letter). — The  writer  Mr. 
was  connected  with  the  construction  of  this  bridge  as  Inspector  of 
Erection,  for  the  Rapid  Transit  Railroad  Commission,  and  recalls  the 
cracks  which  were  discovered  at  the  apex  of  the  connecting  angle 
plates,  and  during  the  riveting  up  of  those  replaced.  In  a  general  way, 
he  tested  the  shop  rivets  of  the  connecting  plates  at  the  other  end  of  the 
pivot  girder,  in  order  to  determine  their  tightness  as  compared  with  the 
field-driven  rivets,  and  found  quite  a  number  of  the  shop  rivets  loose. 
This  was  reported  to  Mr.  Howe,  and  resulted  in  a  conference  between 
the  engineers  and  inspectors.  It  was  finally  decided  to  cut  off  a  few 
rivet  heads  and  drill  out  the  shanks.  This  method  of  removal,  however, 
was  abandoned  after  a  few  rivets  had  been  partially  drilled  out,  as  it 
was  slow  and  costly,  and  in  some  cases  it  was  difiicult  to  keep  the  drill 
centered  on  the  rivets,  especially  on  the  innermost  ones.  Then  the 
rivets  were  "backed  out"  and  with  much  better  results,  on  account  of 
the  reamed  holes  in  the  plates,  etc. 

On  May  15th,  1906,  the  writer  reported  the  results  of  his  examina- 
tion to  Mr.  Howe,  which  in  part  was  as  follows:* 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  LVII,  p.  ^02. 
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Mr  ''The  bent  plate  of  this  member  contained  87  long  1-in.  shop  rivets, 

Beizuer.  28  of  which  were  condemned  for  looseness.  The  shop  rivets  were  cut 
out  and  replaced  by  machine-driven  field  rivets.  In  cutting  off  the 
heads  and  'backing  out'  the  rivets,  no  material  damage  was  done  to  the 
adjacent  ones,  but  many  of  them  became  loosened  while  the  field  rivets 
were  being  driven.  The  rivets  'backed  out'  easily,  some  requiring  only 
a  few  blows  with  an  8-lb.  hammer.  An  examination  of  these  rivets 
showed  that  they  had  not  been  upset  properly,  in  some  cases  shoulders 
were  formed  under  the  heads  (caused  by  oval-shaped  holes  through  the 
bent  plates),  in  other  cases  the  rivets  were  slightly  rusted  and  showed 
some  scale.  The  result  was  that  more  than  00  field  rivets  had  to  be 
driven  to  replace  the  shop  rivets." 

Referring  to  the  twisting  of  the  shafting  of  the  New  Ship  Canal 
Bridge,  the  writer  would  like  to  ask  if  this  occurred  in  driving  home 
the  wedges  on  the  rest  piers? 

If  the  writer  remembers  correctly,  there  was  a  slight  "tilt"  at  the 
southeast  corner  of  the  bridge,  and  some  difficulty  in  driving  the 
wedges,  especially  at  this  point.  Information  as  to  the  adjustment  of 
this  matter  would  be  of  interest. 

How  does  the  efficiency  of  the  shaft  claw  couplings  compare  with 
that  of  the  flanged  ones? 
Mr.  Frank  W.  Skinner,  M.  Am.   Soc.   C.   E.   (by  letter). — The  opera- 

Skinner.  ^--^j^g  described  in  this  paper  are  nearly  or  quite  the  most  intricate 
and  prolonged  of  any  of  similar  character  yet  effected,  and  their 
complete  success  under  difficult  and  involved  conditions  reflects  great 
credit  on  the  engineers  and  contractors  for  the  preparation  of  the 
plans  and  for  their  courage  and  ability  in  executing  them. 

The  author's  description  of  the  moving  of  this  bridge  is  so  com- 
l^lete  that  there  is  no  room  for  criticism  or  discussion,  but  some  addi- 
tional facts  concerning  other  work  of  a  similar  nature  which  he 
mentioned  briefly,  may  be  timely. 

The  Hawkesbury  Bridge,  Australia,  has  seven  through,  double-track 
spans  which  were  erected  successively  on  falsework,  34  ft.  high,  on  the 
deck  of  a  61  by  335-ft.  pontoon,  10  ft.  deep,  stiffened  by  bulkheads  and 
trussing  cables,  and  sunk  on  a  timber  grillage  in  shallow  water.  After 
the  completion  of  each  span,  the  water  was  drained  out  of  the  pontoon 
at  low  tide,  and  at  high  tide  it  was  hauled  to  the  piers,  a  distance  of 
about  4  000  ft.,  by  two  cables  operated  by  fixed  hoisting  engines.  Each 
span  was  lowered  to  the  piers  by  admitting  water  ballast  to  the  pon- 
toon. Despite  several  accidents,  such  as  the  breaking  of  the  cables, 
the  grounding  of  the  pontoon,  and  the  reversing  of  one  span,  the  erec- 
tion was   accomplished  successfully. 

The  single-track  bridge  across  two  branches  of  the  Miramichi 
River,  New  Brunswick,  had  twelve  204-ft.  spans,  each  weighing  about 
225  tons.  Without  much  interruption  of  traffic,  these  were  replaced, 
on  the  same  piers,  by  stronger  270-ton  spans.     Two  sets  of  pile  false- 
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Fig.  1.— Coteau  Bridge.   Floating  Last  Span  into  Position. 


Fig.  y.— Brunot  Island  Bridge  Across  the  Ohio  River.    Completed  Span  and 
Falsework  Floated  on  Nine  Barges. 
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work,  opposite  each  other,  were  established  parallel  and  close  to  the  Mr. 
old  bridge,  and  the  new  spans  were  erected  successively  on  one  of  them,  ^'*'°"^'"- 
skidded  across  to  the  other,  and  riveted  up  while  the  next  span  was 
being  erected  on  the  first  falsework.  After  the  riveting  was  com- 
pleted the  span  was  transferred  to  towers  on  the  decks  of  a  pair  of 
pontoons,  and  was  towed  to  position  between  the  piers.  Simultane- 
ously, the  old  span  was  lifted  from  its  piers  and  removed  on  a  Howe 
truss  span  on  the  decks  of  two  other  pontoons.  In  some  cases  the  old 
spans  were  deposited  on  trucks  on  falsework,  rolled  ashore,  and  dis- 
mantled at  leisure;  in  other  cases  they  were  deposited  on  piles  driven 
in  the  river  and  there  taken  apart  with  an  ordinary  traveler.  The 
spans  were  replaced  with  an  average  interruption  of  traffic  of  about 
4  hours. 

The  Coteau  Bridge,  across  the  St.  Lawrence  River,  has  14  spans 
about  220  ft.  long.  These  were  erected  successively  on  shore  false- 
work about  3  miles  up  stream  from  the  site,  skidded  to  towers  on  the 
decks  of  a  pair  of  pontoons  trussed  together,  safely  towed  down  through 
a  7-mile  current,  and  deposited  on  their  piers. 

The  Midland  Railway  crosses  the  Shubenacadie  River,  Nova  Scotia, 
at  a  point  where  it  is  subject  to  a  32-ft.  rise  of  the  tide.  The  current 
is  very  swift,  and  the  bottom  under  three  of  the  215-ft.,  330  000-lb.  pin- 
connected-truss  through  spans  was  too  soft  to  support  falsework;  there- 
fore these  spans  were  erected  on  pile  falsework  at  right  angles  to  the 
bridge  axis,  transferred  to  towers  on  a  pair  of  pontoons,  and  hauled  to 
position  by  hoisting  engines  located  on  the  bridge  piers.  Each  span  was 
transferred  from  the  falsework  to  its  permanent  position  in  less  than 
2  hours. 

The  232-ft.  span  of  the  Frascr  River  Bridge,  at  New  Westminster, 
British  Columbia,  has  two  trusses  54  ft.  deep,  20  ft.  apart  at  one  end 
and  135i  ft.  apart  at  the  other.  These  were  erected  successively  on 
falsework  in  the  river  near  a  completed  span  of  the  bridge.  The  first 
truss  was  moved  transversely  to  a  temporary  support  on  falsework 
piers,  and  the  second  truss  was  erected  and  braced  to  it;  the  heavy 
floor-beams  and  transverse  struts  were  assembled,  and  the  468-ton  span 
was  transferred  to  three  large  pontoons,  floated  on  them  to  position, 
and  lowered  to  its  bearing  on  its  three  permanent  piers. 

Other  bridges  floated  to  position  in  America,  are  the  Belle  Isle 
Bridge,  Detroit,  eleven  156-ft.  spans  of  which  were  erected  on  shore 
and  towed  nearly  a  mile  to  the  site;  several  draw-bridges;  and  the 
Harvard  Bridge,  Boston,  with  23  spans  ranging  from  76  to  106  ft., 
the  separate  girders  of  which  were  delivered  by  a  gantry  crane  to  a 
large  scow,  towed  to  position,  and  lowered  to  their  piers  by  admitting 
water  ballast  and  by  the  falling  tide. 

The  anchor  arm  of  the  long-span  Interprovincial  Bridge,  across  the 
Ottawa  River,   and   the   Faidherbe  Bridge,    in   Africa,   were   ereceted 
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Mr.      on  falsework  supported  on  boats,  and  the  Bismarck,  Omaha,  and  Glas- 


Skin   ei 


Howe. 


gow  Bridges,  across  the  Missouri  River,  were  all  erected  or  replaced 
on  falsework  trusses  which  were  moved  from  pier  to  pier  on  pontoons. 

Mr.  Horace  J.  Howe,  M.  Am.  Soc.  C.  E.   (by  letter). — In  comparing 

old  and  new  methods,  the  advance  is  found  to  be  along  these  lines: 

First. — The  use  of  well-bonded  cribbing,  in  preference  to  framed 
bents  on  the  scows; 

Second, — ^The  supply  of  abundant  steam  for  pumping  water  in  and 
out  of  the  scows,  thereby  neutralizing  any  uncertainty  as  to  the  tide; 

Third. — The  use  of  tugs  of  ordinary  size; 

Fourth. — The  use  of  improved  hydraulic  jacks  or  presses,  for 
adjustments ; 

Fifth. — The  use  of  sand  jacks  for  loads  of  2  000  tons  or  more,  under 
particular  circumstances. 

The  writer  thinks  that  much  might  have  been  said  in  the  dis- 
cussion as  to  the  last  two  headings. 

When  one  calculates  the  cost  of  the  time  frequently  wasted  by  a 
high-priced  gang  of  men,  on  account  of  defective  judgment  as  to 
jacks,  and  compares  this  cost  with  the  rental  of  adequate  power,  he  is 
led  to  think  that  here  is  a  new  field  for  the  engineer. 

Mr.  Bush  has  taken  a  step  ahead,  in  this  respect.  He  also  is  in 
line  with  Mr.  Stephenson  and  others  in  informing  himself  by  previous 
experiments  on  a  generous  scale  of  what  might  reasonably  be  ex- 
pected; and  furthermore,  in  allowing  generously  for  contingencies  of 
all  kinds  during  the  critical  period. 

Mr.  Gay's  experience  with  the  Harlem,  and  his  proximity  to  the 
work  described,  render  his  opinions  of  especial  value.  His  estimate 
of  the  loss  of  time  to  the  traveling  public  at  the  bridge  proved  to  be 
nearly  exact. 

Mr.  Clarke's  design,  it  is  needless  to  say,  involved  expert  work  of 
a  high  order.  As  one  examines  the  bridge  to-day,  he  is  struck  with 
its  difficulties,  and  furthermore  of  the  subsequent  difficulties  of  im- 
pressing opposing  interests   as  to   its  practicability. 

The  writer  would  call  Mr.  Belzner's  attention  to  the  quality  of 
tlie  hand  riveting  of  Mr.  Stephenson's  time,  superseding,  in  fact,  the 
steam  riveting  at  Conway. 

To-day,  it  would  be  quite  a  question  how  long  it  would  take  a 
power-riveter  to  become  as  truly  expert  at  hand-riveting  as  one  of  those 
old-time  riveters.  Attention  is  also  called  to  the  avoidance  of  painting 
the  plates  before  riveting,  and  the  use  of  red  and  white  lead  as  a  filler, 
both  practices  being  in  line  with  the  writer's  experience. 

As  to  the  twisted  shafting,  probably  more  work  was  done  at  that 
comer  by  the  wedges,  in  liftiiig  the  bridge,  due  to  slowness  of  action 
relative  to  the  other  wedges.    The  bridge  seats  are  known  to  be  level. 
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The  writer  is  informed   that  the  "clutch"  couplings  have  worked     Mr. 
satisfactorily.      On    a    draw -bridge    subject    to    deflections    and   vibra-  ""^^^" 
tions,  there  seems  to  be  a  certain  amount  of  "give"  necessary  to  a  line 
of  shafting. 

The  writer  is  indebted  to  Mr.  Skinner  for  his  illustration  of  the 
classic  falsework  used  at  the  Brunot  Island  Bridge,  and  for  his  other 
references,  bringing  the  subject  substantially  up  to  date. 
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In  presenting  this  paper  for  the  Society's  consideration,  the  obser- 
vation may  be  made  that  it  is  not,  in  the  strict  sense  of  the  term,  a 
scientific  paper.  It  would  seem,  however,  that  if  engineers  had  no 
thoughts  or  aspirations  in  regard  to  their  Profession,  other  than  those 
applying  to  technical  details,  that  Profession,  and  the  Society  which 
represents  it,  would  fall  short  of  the  standards  which  inspire  workers 
in  other  fields.  In  the  many  scientific  papers  which  are  continually 
being  presented,  attention  is  directed  to  methods  and  formulas  by 
wliich  one  may  build  safely  and  efficiently.  With  these  two  watch- 
words of  the  Engineering  Profession — "safety"  and  "efficiency" — is 
it  not  necessary  to  class  the  additional  word,  "honesty"?  In  the 
Engineering  Profession,  as  in  other  professions,  ordinary  intentional 
dishonesty  sooner  or  later  brings  its  own  punishment.  It  is  not  to 
such  self-evident  facts  that  the  writer  would  draw  attention. 

There  is  another  kind  of  dishonesty  to  which  one  may,  without 
premeditation,  be  made  accessory,  which  is  known  to  every  engineer 
and  architect,  yet  very  rarely  discussed.  Possibly  this  is  because  some 
may  believe  it  is  the  result  of  the  present  method  of  financing  largo 
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construction  work,  others  that  it  is  caused  by  undue  competition  among 
contractors;  and  there  are  a  few  who  pessimistically  declare  that  it  is 
simply  a  part  of  the  ever-increasing  laxity  of  moral  standards  in  all 
fields  of  industry.  Whatever  the  cause,  the  writer's  object  is  to 
expose  the  facts  relating  to  the  use  of  certain  precarious  expedients, 
and  to  hint  at  a  possible  remedy.  It  is  hoped  that  the  presentation 
of  this  paper  to  the  Society,  and  not  to  the  public  press,  will  demon- 
strate that  it  is  not  intended  as  a  "muck-raking"  article.  The  evil 
lies  within  the  circle  of  knowledge  of  professional  men,  by  whose 
efforts  alone  it  can  be  eradicated. 

Let  it  be  assumed  that  some  large  piece  of  work — a  public  library, 
a  railroad  terminal,  a  hospital,  a  power-house,  or  a  municipal  pump- 
ing station — is  to  be  constructed.  As  either  an  engineer  or  an  archi- 
tect may  be  engaged  to  take  supreme  charge  of  the  design  and  con- 
struction, he  will  be  referred  to  herein  as  the  "designer."  The 
"designer,"  then,  having  received  his  appointment,  proceeds  with  the 
preparation  of  his  plans.  Now,  if  he  be  an  architect,  his  specialty 
will  take  form  in  the  artistic  embellishment  and  utilitarian  arrange- 
ment of  his  design.  Rarely  will  he  have,  either  from  his  own  knowl- 
edge or  from  that  of  his  office  force,  the  qualifications  necessary  to 
the  economic  design  of  all  the  other  factors,  such  as  structural  com- 
putation, economic  lay-out  of  heating  and  lighting,  sanitary  arrange- 
ment of  plumbing,  and  the  like.  To  be  sure,  some  of  his  assistants, 
or  even  he  himself,  may  be  able  to  do  one  or  two  of  these  things  as 
well  as  specialists,  but  seldom  all  of  them.  If  a  structural  engineer 
is  the  "designer,"  then  that  feature  of  the  work,  and  perhaps  one  or 
two  others,  will  receive  the  fullest  emphasis,  to  the  possible  detriment 
of  the  architectural  or  mechanical  side. 

Now,  occasionally,  the  "designer"  calls  to  his  assistance  specialists 
in  each  of  the  departments  with  which  he  (or  his  office  force)  is  un- 
familiar. Their  fees  are  usually  higher  in  proportion  than  that  which 
the  "designer"  himself  is  to  receive,  and  must  be  paid  out  of  his  own 
pocket.  Also  he  or  some  of  his  assistants  soon  acquire  that  "little 
learning"  which  is  "a  dangerous  thing,"  and  begin  to  believe  them- 
selves capable  of  doing  the  specialist's  work  on  future  occasions. 
These  two  reasons  militate  against  this  solution  of  the  problem. 

Next  in  order  comes  the  method  which  the  writer  believes  is  used 
in  the  majority  of  cases,  where  the  work  involves  a  number  of  radically 
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different  specialties.  The  "designer"  prepares  his  plans  and  specifica- 
tions, in  complete  form  as  far  as  his  knowledge  carries  him,  tentatively 
on  the  points  where  that  knowledge  is  lacking.  Then,  whether  it  be 
the  problem  of  reinforced  concrete  design,  or  heating,  or  lighting,  or 
what-not,  he  allows  some  of  the  contractors,  who  have  been  importun- 
ing his  office  with  this  very  object,  to  examine  his  tentative  plans  and 
make  suggestions  for  increasing  their  efficiency  and  practicability. 
Of  course,  there  is  opportunity  here  for  the  ordinary,  intentional 
dishonesty  heretofore  referred  to,  such  as  the  insertion  in  plans  and 
specifications  of  some  privately  controlled  or  patented  device,  the 
stone  from  some  particular  quarry,  or  the  like.  However,  it  is 
assumed  that  the  "designer"  is  not  intentionally  dishonest,  and  that 
he  will  listen  to  no  suggestions  of  this  kind. 

In  accepting  the  services  of  these  contractors,  he  expressly  stipu- 
lates that  he  is  thereby  placed  under  no  obligation  to  them,  and  that 
he  accepts  or  rejects  their  recommendations  as  to  changes  in  the 
design  with  precisely  the  same  freedom  that  he  would  had  he  called 
in  consulting  experts.  The  difference  consists  in  the  fact  that  he  has 
not  had  to  pay  over  a  large  proportion  of  his  fee. 

According  to  the  usual  custom,  the  "designer"  receives  half  his 
total  fee  upon  completion  of  the  working  plans  and  specifications. 
This  is  almost  always  exhausted  by  his  office  expenses  up  to  this  point. 
His  profits  lie  in  what  is  left  of  the  second  half  of  the  fee,  after  deduct- 
ing his  expenses  for  superintending  the  actual  construction.  Should 
the  work  not  be  built,  for  any  reason  whatsoever,  the  "designer" 
would  not  receive  this  second  half  of  his  fee.  Small  wonder,  then, 
that  he  is  reluctant  to  pay  out  of  his  own  pocket  for  specialists,  at  a 
time  when  the  ultimate  financial  outcome  to  himself  is  still  in  doubt. 

Returning,  now,  to  the  contractors,  it  is  found  that  in  the  case  of 
work  being  planned  for  private  individuals  or  corporations,  they  have 
frequently  secured  from  the  owner  letters  of  introduction  to  the 
"designer,"  which  cannot  be  ignored;  but,  in  most  cases,  those  kind- 
hearted  gentlemen,  the  contractors,  carry  their  competitive  methods 
right  up  to  the  point  of  trying  to  excel  each  other  in  doing  the  greatest 
amount  of  work  for  nothing.  They  are  ready  to  furnish  samples  of 
brick,  stone  and  mosaic,  working  models  of  hardware  and  plumbing 
devices,  cartoons  of  ornamental  terra-cotta,  designs  of  reinforced  con- 
crete and  ironwork,  lay-outs  of  heating  lines  or  electric  wiring,  or  to 
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pass  upon  and  revise  the  "designer's"  embryonic  drawings  and  specifi- 
cations on  any  of  these  subjects. 

Do  not  let  it  be  forgotten  that  the  "designer"  intends  to  be  abso- 
lutely honest.  He  warns  these  contractors,  from  whom,  on  one  point 
or  the  other,  he  has  accepted  advice  or  assistance,  that  he  will  not 
permit  the  introduction  of  exclusively  controlled  devices,  and  that  the 
general  contract  is  to  be  given  to  the  lowest  bidder,  irrespective  of  all 
else.  If  a  municipal  job,  bids  will  be  advertised  for;  if  a  private  one, 
the  list  of  contractors  invited  to  bid  will  be  long  enough  to  render 
favoritism  impossible.  Does  this  discourage  the  contractor  who  is 
giving  time  and  thought,  which  means  money,  to  the  details  of  his  own 
specialty  on  the  general  plans  in  the  "designer's"  office?  Not  in  the 
least;  he  works  hard,  constantly  changing  his  lay-out,  in  whatever 
line  it  may  be,  to  suit  the  general  scheme  as  it  evolves  from  the 
"designer's"  mind.  Furthermore,  his  work  and  his  recommendations 
are  honestly  rendered,  and  about  as  efficiently  as  that  of  the  high- 
priced  specialist  whom  the  "designer"  might  have  engaged.  Also,  the 
contractor  who  is  allowed  to  render  this  assistance  never  leaves  out 
anything,  nor — and  this  should  be  well  noted — does  he  call  attention 
to  anything  superfluous  that  may  exist  in  the  tentative  lay-out  prepared 
by  the  "designer." 

Now  pass  to  the  time  subsequent  to  the  receipt  of  bids  from  the 
general  contractors.  These  bids,  which  are  in  each  case  the  aggrega- 
tion of  lowest  prices  received  by  the  general  contractor  from  various 
sub-contractors,  added  to  his  estimate  for  that  portion  of  the  work 
which  he  will  do  himself,  are  honestly  rendered.  The  contract  for 
bridge,  or  library,  or  power-house,  or  whatever  it  may  be,  is  usually 
awarded  to  the  lowest  responsible  bidder,  who  then  becomes  the  general 
contractor. 

For  the  proper  execution  and  construction  of  the  work,  it  is  usually 
found  necessary  to  insert  in  the  specification  that  the  general  con- 
tractor's selection  of  sub-contractors  shall  be  subject  to  the  approval 
of  the  "designer,"  and,  in  some  cases,  of  the  owner  also.  The  general 
contractor  presents  his  list  of  "subs,"  and  on  this  list  are  almost  certain 
to  be  found  some  of  the  very  men  who  rendered  aid,  in  one  way  or 
another,  to  the  "designer."  If  for  no  other  reason,  they  are  on  the 
list  because  their  estimates  to  the  general  contractor  were  the  lowest 
which  he  had  received.     Though  he  be  the  most  honest  man  in  the 
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world,  the  "designer"  cannot  help  giving  his  consent  to  the  employ- 
ment of  these  sub-contractors,  for  two  legitimate  reasons:  First,  he  is 
reasonably  sure  of  their  ability  to  perform  their  particular  work  satis- 
factorily, or  he  would  have  had  nothing  to  do  with  them  in  the  first 
place.  Secondly,  their  intimate  prior  knowledge  of  the  plans  and 
specifications  renders  it  likely  that  they  know  the  requirements  of  the 
job.  Another  reason  is  the  fact  that  sometimes  the  owner  may  indi- 
cate his  desire  to  have  these  very  sub-contractors  approved,  unless  the 
"designer"  can  offer  definite  reasons  why  they  should  not  be. 

As  a  digression  in  the  effort  to  ascertain  why  the  owner,  whether 
corporate  or  municipal,  should  favor  not  only  the  approval  of  certain 
sub-contractors,  but  even  urge  the  "designer"  to  obtain  their  co- 
operation when  the  plans  are  being  prepared,  a  single  example  of  each 
class,  taken  from  actual  occurrences,  will  be  given : 

A  certain  large  corporation,  an  insurance  company,  was  erecting 
a  building  of  enormous  size.  The  structural  steel  design  was  a  diffi- 
cult problem,  but  one  well  within  the  "designer's"  power.  Neverthe- 
less, the  president  of  the  company  insisted  that  a  certain  structural 
iron  contractor  should  have  his  engineers  check  the  design.  The 
general  contract  was  awarded,  and  the  list  of  "subs"  was  presented  to 
the  "designer"  for  approval.  On  this  list  were  two  structural  iron 
firms,  one  an  independent  firm,  the  other  the  direct  agent  of  "the 
trust."  The  general  contractor  had  noted  that  the  "independent"  bid 
was  the  lower.  The  president  of  the  insurance  company  sent  for  the 
"designer,"  and  made  him  admit  that  each  firm  could  do  the  work 
equally  well.  Also,  it  was  obvious  that,  since  the  general  contract 
was  let  for  a  lump  sum,  the  relative  cost  of  the  ironwork  bids  did  not 
enter  into  the  discussion.  The  designer  was  directed  to  approve  the 
iron  firm  which  made  the  higher  estimate,  because  that  firm,  "having 
an  intimate  knowledge  of  the  plans,  showed  from  its  figures  that  the 
work  could  not  be  done  honestly  for  the  price  quoted  by  the  inde- 
pendent firm."  The  "designer"  gave  his  approval,  as  directed.  Of 
course,  the  trust  behind  the  higher  bidder  was  financially  affiliated 
with  the  insurance  company,  and  it  is  interesting  to  note  that  the  net 
cost  to  the  successful  firm  executing  the  ironwork  was  quite  a  little 
lower  than  the  bid  of  the  independent.  In  that  case,  the  general  con- 
tractor simply  paid  a  rebate  unwillingly  to  the  owner,  but  the 
"designer"  was  made  the  tool  of  an  unfair  transaction. 
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An  example  of  the  second  class,  having  to  do  with  municipal  owner- 
ship, may  be  cited  with  equal  ease.  In  many  cities,  appropriations 
for  public  buildings,  bridges,  and  the  like,  are  requested  by  the  super- 
intendent or  commissioner  having  jurisdiction  over  the  department 
which  requires  them.  Assume  that  the  request  is  passed  upon  favor- 
ably by  a  superior  board,  and  goes  to  a  body,  such  as  a  Board  of  Alder- 
men, for  final  ratification.  This  final  deciding  power,  say,  has  not  the 
right  to  alter  the  amount  of  the  appropriation,  or  the  purpose  for 
which  it  is  requested,  but  it  has  the  privilege  of  withholding  its 
approval  as  long  as  it  wishes.  If  such  approval  is  unreasonably 
delayed,  it  may  be  assumed  that  the  superintendent  or  commissioner, 
anxious  to  gain  credit  for  his  administration  by  carrying  out  the  much- 
needed  work,  if  for  no  other  reason,  seeks  to  ascertain  the  cause  of 
delay.  He  knows  a  man,  who,  holding  no  official  position,  neverthe- 
less is  cognizant  of  everything  in  this  line.  This  man  suggests  that, 
if  the  appropriation  can  be  passed,  a  certain  "designer,"  whom  he 
names,  should  be  appointed.  The  superintendent  or  commissioner 
readily  agrees.  The  "designer"  knows  nothing  of  all  this,  nor  is  he 
expected  to.  His  first  information  comes  from  the  man  of  no  official 
position,  who  tells  him  he  has  been  suggested  as  "designer"  of  this 
great  public  work. 

Now  as  all  governing  bodies,  whether  Boards  of  Aldermen  or  not, 
have  a  guiding  spirit,  it  may  be  assumed  that  the  unofficial  mar  obtains 
the  ear  of  the  guiding  spirit.  The  appropriation  is  quickly  passed, 
and  the  superintendent  or  commissioner,  free  and  untrammeled,  ap- 
points the  "designer"  to  prepare  the  plans.  The  course  of  events 
thenceforth  is  the  same  as  that  previously  described,  and,  when  the 
list  of  sub-contractors  comes  in,  after  the  general  contract  has  been 
let  to  the  lowest  bidder,  the  man  of  no  official  position  is  on  the  spot. 
Not  being  connected  with  the  municipality,  there  is  no  legal  reason 
why  he  should  not  be  a  stockholder,  or  on  the  pay-roll,  of  some  of 
these  sub-contractors  who  appear  on  the  list.  The  "designer"  not  only 
knows  that  he  owes  his  appointment  to  this  man,  but  he  may  also 
have  a  vague  suspicion  that  the  work  would  never  have  been  pio- 
ceeded  with,  but  for  his  eiforts.  What  could  be  more  natural,  than 
that,  confronted  with  the  names  of  two  sub-contractors  of  equally 
good  standing,  the  designer  should  give  his  approval  to  the  one  sug- 
gested by  his  influential  friend? 
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Should  the  "designer"  feel  reluctant  about  acquiescing  in  this 
matter,  though  after  all  it  does  not  benefit  him  directly  in  a 
financial  sense,  he  adopts  the  following  expedient.  He  gives  his  ap- 
proval to  two  sub-contractors,  one  of  which  is  the  favored  firm.  The 
general  contractor  thereupon  beats  each  down  to  the  bottom  price,  and 
then  takes  steps  to  find  out  which  is  the  favored  firm  by  the  powers 
above  the  "designer."  This  one  he  takes  care  to  employ,  irrespective 
of  the  cost;  neither  does  he  fail  to  emphasize  the  fact,  for  it  is  "bread 
upon  the  waters."  Discrimination  cannot,  it  is  true,  be  shown  in  the 
award  of  the  general  contract  for  municipal  structures,  but  the  right 
to  reject  all  bids  is  always  reserved.  By  this  means,  the  unpopular 
or  unpolitic  general  contractor  can  always  be  frozen  out  when  his  bid 
happens  to  be  the  lowest  for  the  entire  work,  and  he  wishes  to  remain 
popular,  even  if  it  costs  a  few  extra  dollars  in  sub-contracts. 

Up  to  this  point,  all  that  has  been  said  shows  clearly,  or  else  the 
purpose  of  this  paper  has  failed,  that  the  situation  of  the  "designer" 
is  not  of  his  own  creation,  being  forced  on  him  by  circumstances,  and 
that  he  does  not  profit  directly  to  the  extent  of  a  dollar  thereby.  Also, 
it  should  be  distinctly  remembered,  he  has  done  nothing  necessarily 
prejudicial  to  the  safety  or  efficient  construction  of  the  work  he  has 
designed. 

Somebody,  however,  must  be  making  an  undue  or  unfair  profit. 
Why  do  the  sub-contractors,  and  their  financial  backers,  or  their  silent 
partner,  "the  man  who  holds  no  official  position,"  do  so  many  kind 
acts  for  apparently  nothing,  or  at  least  for  the  ordinary  contractor's 
profit  only? 

It  is,  of  course,  reasonable  to  infer  that  prior  familiarity  with  the 
plans  of  the  proposed  work  gives  these  sub-contractors  a  certain 
advantage  in  making  up  their  estimates.  Having  had  plenty  of  time 
to  prepare  an  accurate  statement  of  cost,  they  can  naturally  give  a 
closer  figure  than  their  competitors  who  have,  perhaps,  had  only  a  few 
hours  to  examine  the  plans  and  specifications  on  file  in  the  office  of  the 
general  contractor;  but  this  advantage  is  not  by  any  means  the 
only  one. 

In  the  description  of  the  preparation  of  plans  and  specifications, 
particular  mention  was  made  of  the  fact  that  nothing  superfluous  in 
design  or  requirements  of  construction  is  ever  stricken  out.  When 
the  opportunity  offers,  or  when  the  subject  happens  to  be  one  on  which 
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the  "designer"  is  not  even  fairly  well  informed,  the  sub-contractor,  in 
his  advisory  capacity,  can  easily  insert  needless  requirements  into 
drawings  and  specifications.  Should  that  subject  be,  for  example, 
heating  or  plumbing  systems,  extra  lines  of  piping  may  be  shown, 
which  only  an  expert  in  this  specialty  could  with  certainty  declare 
needless;  or,  in  the  case  of  the  specifications,  many  requirements  as  to 
elaborate  testing,  or  extensive  submission  of  expensive  samples,  may 
be  inserted,  the  enforcement  of  which  requirements  may  or  may  not 
be  considered  essential,  depending  on  who  obtains  the  contract 
eventually. 

Let  it  now  be  assumed  that  the  general  contract  has  been  awarded, 
that  the  sub-contractors,  among  whom  are  the  favored  ones,  have  been 
approved,  and  that  the  work  has  been  started.  Sooner  or  later  the 
"designer"  is  informed  that  certain  changes  may  be  made  in  the  plans, 
or  certain  requirements  of  the  specifications  waived,  without  detriment 
to  the  work.  The  "designer,"  being  still  conscientious,  investigates 
these  statements,  even  calls  in  other  contractors  for  their  advice,  and 
finds  that  the  requests  to  omit  certain  things  are  entirely  reasonable. 
As  to  the  elaborate  requirements  for  testing,  samples,  and  the  like, 
they  too  are  unnecessary,  if  responsible  parties  are  doing  the  work. 
Who  could  be  considered  more  responsible  than  those  who  assisted  in 
its  design?  The  request  for  their  omission  or  curtailment  is  granted 
more  or  less  readily. 

At  this  point  it  may  be  remarked  that  there  are  two  kinds  of 
specifications,  the  loosely-worded,  "blanket"  kind,  and  the  one  filled 
with  elaborate  and  detailed  requirements  as  to  tests,  samples,  and  so 
on,  both  of  which  offer  every  opportunity  for  this  kind  of  discrimina- 
tion. The  first  class,  the  loosely-worded  one,  clear  only  on  the  one 
point  that  all  power  is  vested  in  the  "designer,"  can  be  interpreted  so 
that  the  cost  of  the  entire  work,  or  any  part  thereof,  may  turn  out  to 
be  anywhere  from  one-half  the  estimated  amount  to  twice  that  figure. 
As  for  the  other  class  of  specifications,  an  impartial  examination  of 
the  multiplicity  of  petty,  often  unnecessary,  though  always  costly, 
requirements,  will  show  that  if  enforced  down  to  the  last  detail,  the 
work  could  not  be  performed  for  twice  the  contract  price.  That  all 
will  not  be  enforced  is,  of  course,  discounted  in  the  contractor's  bid; 
but  only  the  sub-contractor  who  is  on  intimate  terms  with  the 
"designer,"   and   who   has   assisted   in   preparing   the  lay-out,   can   be 
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reasonably  sure  of  the  omission  of  these  petty  and  harassing  stipula- 
tions, as  far  as  his  particular  work  is  concerned. 

Specifications  of  this  latter  class  are  notoriously  frequent.  Al- 
though they  assist  his  scheme  materially,  it  is  not  the  politic  sub- 
contractor who  is  responsible  for  them.  They  are  the  result  of  over- 
weening vanity  on  the  part  of  the  "designer,"  who  desires  to  insert 
therein  every  requisite  and  every  obligatory  condition  that  he  has 
ever  read  of  or  heard  about,  and  whose  method  of  making  each  specifi- 
cation better  and  more  complete  than  the  last  is  to  keep  adding 
voluminous  requirements,  without  ever  weeding  out  the  useless  and 
obsolete  clauses  evolved  during  the  earlier  years  of  his  practice. 

Returning  now  to  these  requests  for  omissions.  It  has  been  as- 
sumed that  the  "designer"  is  an  honest  man.  He  may,  and  often  does, 
demand  an  allowance  from  the  sub-contractor  when  the  request  en- 
tails, not  only  less  rigid  enforcement  of  the  technical  clauses  of  his 
specifications,  but  the  actual  omission  of  material  and  work  as  well. 
Then  the  sub-contractor  goes  to  the  general  contractor  and  lays  the 
case  before  him.  The  latter  knows  the  "pull"  possessed  by  the  sub- 
contractor with  the  owner,  and  is  glad  to  assist.  The  two  go  over  the 
plans  and  specifications  together  in  minute  detail.  Now,  it  is  rare 
indeed  that,  in  the  case  of  a  large  piece  of  construction  work,  some- 
thing essential,  either  in  design  or  specifications  has  not  been  inad- 
vertently omitted  by  the  "designer."  In  the  writer's  opinion,  there 
has  never  yet  been  executed  a  large  contract  where  there  was  not 
something  installed,  or  some  work  done,  which  the  general  contractor 
could  not  have  legally  evaded  on  the  ground  that  it  was  not  shown  or 
required. 

It  is  to  provide  against  these  errors  of  omission,  so  certain  to 
occur,  that  some  designers  have  adopted  the  "blanket"  clause.  This  is 
frequently  found  in  the  following  form : 

"Should  any  items  be  omitted  in  the  drawings  and  mentioned  in 
the  specifications,  or  shown  on  the  drawings  and  not  mentioned  in  the 
specifications,  or  neither  shown  nor  mentioned  in  either  the  drawings 
or  specifications,  but  reasonably  to  be  implied,  and,  in  the  opinion  of 
the  ^designer,'  necessary  to  the  complete  and  satisfactory  execution 
or  operation  of  the  work  or  works,  it  shall  be  understood  as  expressed 
in  both,  and  shall  be  carried  out  as  if  so  expressed,  and  as  directed 
by  the  'designer,'  to  correspond  in  all  respects  with  the  remainder  of 
the  work  and  works." 
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Now,  it  is  indeed  fortunate  for  the  general  contractor  that  the 
courts  do  not  interpret  such  a  clause  as  conveying  to  the  "designer" 
the  all-supreme  powers  that  it  appears  to.  Nevertheless,  it  furnishes 
a  basis  for  tedious  litigation,  on  which  the  contractor  desires  to  spend 
neither  his  time  nor  his  money.    The  result  is  usually  a  compromise. 

Having  located  the  items  "neither  shown  nor  mentioned,"  the 
general  contractor  goes  to  the  "designer"  and  makes  a  counter  demand 
for  extra  payment.  The  "designer"  is  then  in  a  quandary.  He 
knows  that  if  he  endeavors  to  enforce  his  "blanket"  clause,  and 
if  the  amount  involved  is  sufficiently  large,  the  contractor  will  fight  it. 
This  involves  legal  expenses  and  delay  in  the  execution  of  the  work, 
either  of  which  causes  would  bring  down  the  wrath  of  the  owners 
upon  the  head  of  the  "designer."  Neither  is  he  willing,  in  most  cases, 
to  give  in  entirely,  admit  his  error,  and  transmit  to  the  owner,  with 
his  approval,  the  contractor's  request  for  an  extra  payment.  To  do  so 
would  not  only  render  him  subject  to  the  accusation  of  incompetency, 
and  of  having  prepared  an  incomplete  design,  but  also,  especially  in  the 
case  of  public  work,  it  might  be  impossible  to  obtain  an  additional 
appropriation. 

Thus  the  "designer"  also,  is  ready  for  compromise.  This  is  offered 
by  the  general  contractor,  who  agrees  to  do  the  necessary  extra  work 
without  charge,  if  the  "designer"  will  agree  to  the  omission,  without 
allowance  therefor,  of  the  unnecessary  details,  as  requested  by  the 
particular  sub-contractor  heretofore  mentioned.  Here,  again,  the 
"designer,"  if  particularly  desiring  to  be  honest  to  the  end,  may  require 
a  statement  showing  that  the  value  of  the  work  added  is  equal  to  that 
of  work  omitted.  Of  course,  this  is  rarely  the  case,  but  the  statement 
is  always  so  rendered.  The  contractor  is  a  better  authority  than  the 
"designer,"  on  the  detailed  cost  of  fractional  parts  of  his  work,  and  the 
"designer"  can  do  nothing  but  accept  his  word  for  the  accuracy  of  the 
statement. 

This  completes  the  chain.  The  industrious  sub-contractors  have 
not  only  secured  their  contracts  against  all  competitors,  by  knowing 
how  to  bid  a  little  lower,  but  they  are  actually  making  a  considerably 
larger  percentage  of  profit  than  their  competitors  would  have  made, 
even  at  the  higher  prices. 

There  is  nothing  actually  illegal  in  all  this,  and  engineers  and 
architects  of  the  highest  ethical  standards  are  constantly  being  forced 
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into  just  such  situations.  The  resultant  tendency  toward  discrimina- 
tion and  the  unfair  application  of  specifications  cannot  help  but  lower 
the  standards  of  professional  integrity.  Graft  and  dishonest  practice 
are  only  the  next  step  downward.  Such  words  lose  their  justly  re- 
pelling  force  when  the  actions  which  they  symbolize  become  our  next- 
door  neighbors.  The  taint  of  this  corruption  is  spreading,  not  only 
among  engineers  and  architects  who  are  in  the  position  of  the 
"designer,"  but  its  baleful  influence  must  of  necessity  cast  its  spell 
over  the  young  engineers  employed  by  many  contracting  firms,  who  are 
thus  brought  into  contact  with  "the  system,"  and  who  find  their 
splendid  ideals  of  the  old-time  engineering  standards  trailing  in  the 
wake  of  conscienceless  competition. 

Even  though  the  writer  may  have  succeeded  in  showing  clearly 
the  existence  of  this  unfortunate  condition  of  affairs  and  its  im- 
portance to  the  Engineering  Profession,  the  purpose  of  this  paper 
would  be  but  half  accomplished  were  there  not  a  possible  remedy  to  be 
suggested. 

When  paid  on  a  commission  or  lump-sum  basis,  the  "designer's" 
fee  is  not  always  sufficient  to  insure  a  reasonable  profit,  over  and  above 
his  office  and  running  expenses,  commensurate  with  the  long  years  of 
technical  training  and  experience  in  subordinate  capacities  con- 
sidered so  necessary  as  preparation,  before  he  is  entrusted  with  im- 
portant work.  Bearing  in  mind  those  unfruitful  years,  from  a  finan- 
cial point  of  view,  it  has  become  customary  for  the  "designer"  to 
reduce  his  expenses,  and  to  the  same  degree  increase  his  profits,  by 
inserting  in  the  contract  a  clause  requiring  the  contractor  to  pay  the 
salary  of  the  inspector  or  inspectors,  employed  by  the  "designer,"  in 
immediate  supervision  of  the  actual  construction.  These  inspectors, 
however,  are  directly  responsible  to  the  "designer,"  and  are  subject 
only  to  his  authority. 

The  first  step,  therefore,  is  to  insure,  by  agreement  between  the 
owner  and  the  "designer,"  that  the  fee  or  charge  for  professional  ser- 
vices shall  be  properly  commensurate,  not  only  with  the  gross  cost  of 
the  proposed  construction,  but  also  with  the  difficulties  involved. 

Secondly,  it  should  be  arranged  that  this  charge  should  be  paid  in 
successive  installments,  in  such  proportion  that  four-fifths,  and  not 
one-half,  of  the  total  amount,  should  be  paid  upon  completion  of  work- 
ing drawings  and  specifications.     This,  for  reasons  heretofore  noted, 
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corresponds  more  closely  to  the  expenses  of  the  "designer"  up  to  this 
point  in  the  work. 

Thirdly,  there  should  be  a  prior  agreement  between  client  and 
"designer"  as  to  what  specialists — such  as  heating,  electrical,  or  sani- 
tary engineers — are  to  be  employed  (if  their  employment  is  necessary), 
and  what  fees  are  to  be  paid  to  each.  Their  fees  may  come  out  of  the 
"designer's"  own  charges,  if  need  be,  but  the  amount  should  always 
be  predetermined  in  his  agreement  with  the  owner. 

Next  in  importance  comes  the  question  of  payment  of  the  field 
inspectors  during  construction.  It  has  been  seen  that  this  has  been 
required  of  the  contractor,  who,  of  course,  figures  on  the  cost  thereof 
in  his  estimate  for  the  work.  Hence  the  owner  pays  for  it  just  as 
surely  as  though  he  signed  the  weekly  salary  check  himself. 

It  is  the  writer's  opinion  that,  in  the  case  of  men  not  so  honest 
as  the  "designer"  has  been  assumed  to  be,  this  system  is  a  very  fertile 
field  for  graft.  The  "designer"  having  the  absolute  right  to  appoint 
the  inspector  and  fix  his  salary,  from  nothing  at  all  up  to  the  amount 
specified  in  the  contract,  may,  by  striking  a  medium  between  these  two 
figures,  save  a  considerable  sum  to  the  general  contractor.  This  sav- 
ing, or  rebate,  which  really  comes  out  of  the  owner's  pocket,  may  be 
applied  to  various  purposes,  such  as  offsetting  the  contractor's  claims 
for  extras  due  to  mistakes  or  omissions  in  the  design,  or  to  the  more 
frankly  grafting  one  of  thereby  obtaining  the  favor  of  a  contractor 
influential  enough  to  throw  more  work  in  the  "designer's"  way. 

All  this  temptation  could  be  eliminated  by  having  the  inspector 
paid  directly  by  the  owner,  instead  of  indirectly,  as  at  present.  The 
salary  could  be  fixed  by  the  prior  agreement  between  owner  and 
"designer,"  and  the  selection  of  the  individual  could  be  made  subject 
to  the  approval  of  both. 

The  inspector  should  also  be  subject  to  discharge  by  either  owner 
or  "designer,"  and  his  duties  should  consist  in  rendering  daily  reports, 
in  duplicate,  to  both,  showing  first,  the  exact  progress  of  the  work  to 
date,  and  secondly,  describing  in  detail  any  and  all  variations  from  the 
requirements  of  plans  and  specifications.  This  inspector  should  noo 
be  given  power  to  condemn  work.  His  reports,  coming  daily  under 
the  eyes  of  the  engineer  inspectors  in  the  regular  employ  of  the 
"designer,"  would  enable  them  to  perform  judicially  all  the  condemna- 
tion necessary  by  letter,  or  an  occasional  visit  to  the  work.     The  field 
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inspector,  however,  being  constantly  on  the  job,  may  with  propriety 
warn  the  contractor  when  incorrect  or  improper  work  is  being  done, 
and  announce  his  intention  of  reporting  the  same.  The  contractor 
must  then  decide  whether  or  not  to  persist  in  the  face  of  such  warning. 

Then  it  is  essential  that  all  allowances  for  work  omitted,  and  all 
extras  for  additional  work  done,  should  be  settled  by  one  of  the  two 
following  methods :  First,  as  far  as  possible,  the  deduction  or  the  extra 
should  be  computed  on  the  basis  of  "unit  prices,"  to  be  named  by  the 
contractor  in  his  bid.  Second,  when  the  first  is  not  possible,  such 
amounts  should  be  decided  by  arbitration  between  the  "designer,"  the 
general  contractor,  and  a  third  party  acceptable  to  both.  The  valua- 
tion should  be  based  on  actual  cost  sheets  of  the  work  involved,  to 
which  should  be  added,  or  from  which  should  be  subtracted,  a  certain 
fixed  percentage  representing  the  contractor's  profit.  This  percentage 
should  be  fixed,  and  be  a  component  part  of  the  contract  when  it  is 
signed.  No  extra  work  should  be  accepted  gratis  from  the  contractor. 
If  such  did  occur,  it  would  immediately  come  to  the  owner's  attention 
through  the  duplicate  reports  of  the  field  inspector,  and  should  indicate 
to  him  that  some  kind  of  reciprocal  favoritism  was  in  progress  between 
contractor  and  "designer." 

By  the  adoption  of  these  safeguards,  it  would  seem  that,  not  only 
intentional  dishonest  graft  could  be  prevented,  but  also  the  more 
subtle  kind  with  which  the  "designer,"  though  profiting  nothing 
directly  thereby,  is  continually  being  entangled.  The  remedy  here 
pointed  out  is  not  intended  to  produce  a  check  on  the  ambition  of  the 
"designer,"  nor  does  it  imply  presumptive  suspicion  of  his  honesty. 
On  the  contrary,  it  is  a  true  safeguard  against  a  combination  of  cir- 
cnmstances  which  would  place  him  in  a  position,  to  say  the  least, 
unenviable. 

There  is  a  secondary  advantage  to  the  Profession  as  a  whole, 
namely,  that  under  the  protection  here  outlined,  the  work  of  the 
"designer"  may  be  judged  on  its  own  merits.  No  longer  may  it  be 
inferred  that  the  mistakes  and  omissions  of  the  young  "designer"  are 
necessarily  the  natural  result  of  his  inexperience.  No  longer  will  the 
apparent  flawlessness  of  the  work  of  the  older  "designer"  be  ascribed 
to  his  more  mature  knowledge,  when  he  shall  have  become  no  more 
amenable  to  the  wily  subterfuges  of  the  contractors'  system,  which,  to 
its  own  advantage,  conceals  mistakes.     The  client  or  owner  will  obtain 
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the  work  for  which  he  has  paid.  The  "designer,"  without  pull  or 
political  affiliations,  will  be  on  the  same  basis  as  the  one  whose  finer 
sensibilities  have  become  blunted  through  intimate  relations  with 
scheming  contractors. 

After  all,  when  engineers  have  written  and  talked  over  the  technical 
details  of  their  work,  have  commented  upon  and  discussed  this  or  that 
theory  of  design  or  method  of  construction,  does  there  not  remain  some- 
thing even  more  important  in  the  consideration  of  those  high  ideals 
which  should  underlie  all  else  in  the  Profession?  It  is,  of  course,  im- 
portant that  engineers  should  be  true  to  their  work,  and  to  those 
standards  of  knowledge  and  efficiency  set  by  those  who  have  gone 
before,  but  is  it  not  equally  vital  that  they  should  be  true  to  them- 
selves ? 
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Discussioisr. 


Mr.  Eugene  W.  Stern,  M.  Am.  Soc.  C.  E.— The  author  has  touched  on 

^  ^^^'  a  number  of  sore  spots  in  the  conditions  often  existing  in  building 
operations,  in  the  relationship  of  the  several  parties  to  the  work,  and  it 
might  be  well  to  analyze  this  situation  briefly,  in  order  to  arrive  at  a 
proper  understanding  of  the  relationship  between  owner  or  client  and 
professional  adviser  or  designer,  be  he  architect  or  engineer,  and 
contractor. 

Let  it  be  assumed  that  an  owner  desires  to  construct  a  large  build- 
ing, involving  in  its  design,  in  addition  to  the  usual  architectural 
problems,  a  number  of  engineering  specialties,  such  as  structural, 
mechanical,  electrical,  etc. 

Let  it  also  be  assumed  that  the  owner  wants  the  building  properly 
constructed,  for  the  purpose  intended,  for  the  least  .amount  of  money, 
and  as  expeditiously  as  possible.  The  word,  "properly,"  is  used  ad- 
visedly, for  the  owner  who  wants  the  cheapest  kind  of  work,  without 
regard  to  conditions,  is  beyond  the  pale  of  this  discussion. 

Let  it  also  be  assumed,  as  is  usually  the  case,  that  the  owner  him- 
self has  not  the  requisite  knowledge  to  design  and  supervise  the  execu- 
tion of  such  a  piece  of  work.  Therefore  he  must  employ  some  one  to 
do  this  for  him,  that  is,  to  make  complete  plans  and  specifications, 
receive  bids,  award  contracts,  supervise  the  execution  of  the  work,  and 
see  that  his  client's  interests  are  properly  protected,  in  the  entire 
transaction. 

To  accomplish  this,  he  may  employ: 

(1). — An  architect  to  handle  all  the  work,  including  the  engineer- 
ing specialties,  and  be  responsible  for  it  all;  or 

(2). — An  architect  for  the  purely  architectural  work,  and  special- 
ists (separately)  for  the  various  engineering  problems,  such 
as  foundations,  structural,  heating  and  ventilating,  electri- 
cal, etc. 

The  first  method  is  to  be  preferred,  for  the  reason  that  some  one, 
with  a  general  knowledge  of  all  the  different  problems,  must  co- 
ordinate and  harmonize  them,  so  as  to  produce  a  whole  which  will 
accomplish  what  is  required. 

Thus  the  architect,  not  only  becomes  responsible  for  the  general 
scheme  and  for  the  artistic  treatment,  but  also  acts  as  chairman,  so  to 
speak,  of  a  board  of  engineering  specialists,  and,  to  obtain  the  best 
results,  should  himself  have  the  power  of  selecting  them.  This  is  the 
usual  method,  and  undoubtedly  has  produced  the  best  results. 

Now,  the  question  arises:  Who  is  to  pay  for  these  engineering 
specialists?  For,  in  very  few  architectural  offices  are  competent  engi- 
neers employed  as  part  of  the  regular  organization,  and  in  none,  it  is 
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safe  to  say,  is  all  the  engineering  talent  regularly  employed  to  handle  ,Mr. 
properly    the   problems    which    may    arise    in    modern    building    con- 
struction. 

The  American  Institute  of  Architects  has  answered  this  question 
by  embodying  in  its  "Code  of  Professional  Practice,  and  Schedule  of 
Proper  Mini-mum  Charges"  the  following  clause: 

"Where  heating,  ventilating,  mechanical,  structural,  electrical,  and 
sanitary  problems  are  of  such  a  nature  as  to  require  the  services  of  a 
specialist,  the  owner  is  to  pay  for  such  services." 

If  architects  were  all  living  up  to  this  reasonable  principle,  the 
"precarious  expedients"  mentioned  by  the  author  would  not  be  neces- 
sary. It  is  due  to  ignoring  this  principle,  in  the  endeavor  to  obtain 
commissions  from  prospective  clients  by  underbidding  one  another, 
that  many  architects  thus  reduce  their  charges,  and  agree  to  pay  for 
the  services  of  engineering  specialists  themselves,  with  results  often 
prejudicial  to  the  owner's  interests. 

Of  course,  the  conscientious  architect,  even  if  his  compensation 
be  not  sufficient,  will  see  to  it  that  the  client's  interests  are  properly 
safeguarded,  by  himself  employing  competent  specialists;  but,  in  far 
too  many  cases,  this  is  not  done,  and  the  client's  interests  suffer,  for 
either  the  specialist's  work  is  indifferently  done  in  the  architect's  office, 
or  he  employs  cheap  so-called  specialists,  or  calls  on  the  contractor  to 
loan  him  the  services  of  his  engineer,  often  for  no  compensation,  or  at 
best  a  small  one,  to  be  paid  only  if  this  contractor  does  not  secure  the 
contract  for  his  part  of  the  work. 

Obviously,  this  latter  method  is  quite  economical  to  the  architect, 
and  also  satisfactory  to  the  favored  contractor;  but  why  do  the  client's 
interests  often  suffer  in  this  case?  For  these  reasons:  The  con- 
tractor's engineer  may  be  thoroughly  competent,  and  may  design  the 
work  in  a  first-class  and  conscientious  manner,  but  the  knowledge  of 
the  fact  that  a  competitor  has  designed  the  work  for  the  architect 
always  leaks  out,  somehow  or  other,  among  the  other  bidders,  and  is, 
of  course,  a  sure  indication  to  them  that  this  competitor,  thus  favored,, 
has  a  preference  in  the  architect's  office. 

Such  a  condition  leads  naturally  to  the  bidders  very  often  "con- 
ceding" the  work  to  the  favored  contractor,  after  having  "pooled"  their 
interests,  and  thus  the  owner  pays  far  more  for  the  work  than  he 
should. 

Even  if  conspiracy  to  raise  the  price  has  not  occurred  among  the 
bidders,  the  favored  contractor  having  been  awarded  the  contract,  sup- 
pose questions  arise  later  which  need  adjustment,  can  the  client  (having 
no  expert  adviser  of  his  own)  expect  unbiased  professional  advice  from 
the  other  party  to  the  contract — from  the  one  who  is  looking  for 
profits?    Is  it  reasonable  to  suppose  that  his  interests  will  be  properly 
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Mr.    safeguarded  by   such   a   one?     Will  the   contractor's   engineer  be  in- 
^^"^'^  clined   to  lean  toward  the   owner's   or  his   own  employer's   interests? 
The  answer  is  obvious. 

The  substance  of  the  foregoing  is,  that  it  should  be  recognized 
as  an  axiom  that  an  architect  is  doing  his  client's  interests  grave 
injustice  when  he  allows  himself  to  be  under  any  obligations  to  the 
contractor;  and,  furthermore,  that  he  is  placing  the  contractor's  engi- 
neer in  a  false  and  difficult  position  when  he  asks  him  to  serve  two 
masters.  The  speaker  knows  of  many  cases  where  just  such  things 
as  have  been  stated  have  happened,  but  it  would  be  violating  pro- 
fessional confidence  to  mention  them  by  name.  Doubtless  many  others 
of  the  profession  have  had  similar  experiences. 
Mr.  W.  W.  Crosby,  M.  Am.  Soc.  C.  E.  (by  letter). — The  writer  has  read 

Crosby.  ~^^  Hawkesworth's  paper  with  much  interest  and  sympathy,  and  has 
been  especially  struck  with  the  paragraph  concerning  the  duties  of 
an  "Inspector."  The  author  has  "put  his  finger  on  the  button"  of  a 
source  of  great  conflict  between  contractors  and  owners,  or  referees. 
As  a  rule,  contractors,  or  their  working  representatives,  are  older, 
and  much  more  experienced  in  dealings  with  others,  than  the  best  of 
inspectors.  When  an  inspector  becomes  the  equal  of  working  super- 
intendents along  these  lines,  he  seldom  remains  an  inspector  long. 
If,  therefore,  an  inspector,  incapable  by  lack  of  experience  and  ma- 
turity of  judgment,  is  given  authority  and  placed  in  a  position  to 
bind  or  hamper  the  decisions  of  the  referee  named  in  the  contract, 
the  result  may  be  unfortunate  or  disastrous.  Unscrupulous  contract- 
ors undoubtedly  exist,  who  do  not  fail  to  take  advantage  of  such  a 
situation.  The  writer  regrets  that  so  many  contractors  seem  to  re- 
gard the  obligations  placed  on  them  by  their  contracts  as  not  manda- 
tory and  not  matters  to  be  lived  up  to  in  spirit  because  of  the  agree- 
ment that  they  shall  be  fully  carried  out.  Many  contractors,  on  the 
contrary,  seem  to  regard  the  specifications  under  which  they  agree  to 
do  work  as  merely  statements  of  the  things  which  the  owner  or 
referee  will  try  to  accomplish;  that  it  is  the  duty  of  the  referee  to  en- 
force them  if  he  can;  and  the  privilege  of  the  contractor  to  evade  as 
many  of  them  and  as  far  as  he  wishes.  To  place  a  young,  perhaps 
inexperienced,  party  in  a  position  to  decide  the  many  points  that  may 
be  raised  by  an  experienced  superintendent  or  foreman  is  almost 
sure  to  prevent  the  owner,  who  pays  for  work  done  according  to  the 
specifications,  from  getting  what  he  pays  for,  to  which  he  is  entitled, 
and  which  the  moral  obligation  on  the  contractor  alone  should  compel 
the  latter  to  deliver.  The  writer  can  recall  numerous  instances  where, 
as  the  inspector's  authority  was  not  clearly  limited  in  the  contract, 
the  contractor  claimed  that  the  referee  and  owner  were  estopped  from 
finally  securing  the  kind  of  work  the  owner  was  clearly  entitled  to 
and  the  contractor  had  agreed  to  give  him,  and  had  named  his  price 
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for  giving   him,   because   the   inspector   had   "accepted"   the   inferior    Mr. 
work  or  had  failed  to  "condemn"  it.  ^'*''"^>' 

The  writer  believes  it  is  far  fairer  and  better  in  every  way,  in- 
cluding all  considerations  of  justice  to  the  contractor  and  to  other 
bidders,  to  provide,  as  suggested  by  the  author,  that  an  inspector  shall 
simply  report  the  facts,  and  that  the  decisions  shall  be  left  to  the 
owner  or  the  experienced  referee  specified.  Some  greater  delay  may 
occur  in  securing  final  decisions  under  the  latter  method,  but  the  de- 
cisions will  undoubtedly  be  more  just  on  the  average,  and,  except  in 
those  cases  where  questions  are  raised  for  the  purpose  of  evasion  or 
for  making  difiiculty,  when  delay  in  the  decision  may  be  justified,  they 
will  be  more  in  accord  with  the  spirit  of  the  contract.  In  the  work  of 
the  writer,  the  following  clauses  are  contained  in  the  specifications: 

"An  Inspector  employed  by  the  Commission  may  be  stationed  on  the 
work  under  the  contract  by  the  Chief  Engineer  to  report  whenever  the 
Contractor  appears  to  fail  in  carrying  out  the  terms  of  the  contract 
or  specifications  in  any  particular.  Any  advice  which  an  Inspector 
may  give  the  Contractor  shall  in  no  wise  be  construed  as  binding 
the  Chief  Engineer  in  any  way  nor  releasing  the  Contractor  from  the 
proper  fulfillment  of  the  terms  of  the  contract  as  determined  by  the 
Chief  Engineer.  An  Inspector  shall  perform  such  other  duties  as  the 
Engineer  may  indicate.  The  Inspector  shall  in  no  case  act  as  a  fore- 
man for  the  Contractor  nor  interfere  with  the  management  of  the 
work  by  the  latter. 

"The  amount  of  work  done  by  the  Contractor  shall  be  measured 
by  the  Engineer.  In  that  character  of  work  which  would  require  for 
its  measurement  a  detailed  tally  of  the  materials  as  delivered  on  the 
work,  a  tally  shall  be  kept  by  the  Inspector  who  shall  at  the  end  of 
each  day  compare  his  tally  with  that  of  the  Contractor  or  foreman  in 
charge.  The  Inspector  shall  send  daily  his  tally,  with  the  Contractor's 
or  his  foreman's  signature,  to  the  Engineer.  Should  there  be  a  dis- 
pute between  the  Inspector  and  the  Contractor  as  to  the  amounts  in 
any  particular  instance,  the  Contractor  must  immediately  send  his 
account  to  the  Engineer.  If  no  tally  of  materials  delivered,  other 
than  that  of  the  Inspector,  is  received  by  the  Engineer  within  five 
days  after  the  receipt  of  the  Inspector's  tally,  the  Engineer's  estimate 
may  be  based  upon  the  reports  as  made  by  the  Inspector,  whether  or 
not  these  reports  are  signed  by  the  Contractor  or  his  foreman,  and 
they  may  be  the  basis  of  payment  to  the  Contractor.  Whenever  any 
differences  exist,  the  decision  of  the  Engineer  shall  be  final  and  bind- 
ing upon  both  of  the  parties  to  the  contract." 

Complaints  of  delay  on  account  of  the  lack  of  authority  of  the 
inspector,  especially  where  the  latter  has  been  young  or  inexperienced, 
have  been  received  from  contractors  who,  it  was  evident  to  the  chief 
engineer  from  the  general  conduct  of  their  work  and  personal  atti- 
tude, were  ignorant,  incompetent,  or  at  least  not  trying  fully  to  live 
up  to  their  moral  obligations;  but  serious  complaints  from  efficient 
and  conscientious  contractors  have  not  reached  the  writer.     On  the 
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Mr.      contrary,    the   methods    of   his    office   seem   to   be    approved   by   those 
whose  approval  is  valuable. 

Mr.  J.  S.  Branne,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — This  paper 

is  a  plea  for  the  maintenance  of  a  high  professional  standard  among 
engineers,  not  only  as  to  the  product  turned  out,  but  also  as  to  the 
manner  in  which  the  materials  are  collected  for  a  design  of  some 
magnitade  and  having  a  variety  of  detail  in  several  distinct  branches 
of  engineering,  a  thorough  knowledge  of  all  the  subjects  to  be  con- 
sidered being  rarely  available  in  any  one  office.  The  ends  desired  by 
all  engineers  are:  To  carry  out  work  in  such  a  way  that  the  result  is 
excellent,  not  only  because  it  is  economical  and  safe  and  gives  a  good 
return  for  the  money  invested  by  the  owner,  but  also  because  the 
means  used  at  all  times  to  achieve  such  ends  are  just  to  all  concerned, 
both  in  planning  and  building  the  work,  by  having  clear  drawings, 
specifications  which  are  concise  and  without  redundancy,  an  equal 
opportunity  for  all  bidders,  and  favoritism  to  none.  This  paper,  which 
calls  attention  to  abuses,  more  or  less  apparent,  and  suggests  means 
for  opposing  them,  is  very  timely,  and  will  benefit  the  Profession,  and 
therefore  the  measures  it  advocates  should  be  supported. 

There  is  hardly  a  piece  of  work  the  perfect  execution  of  which  does 
not  involve  many  specialties,  from  two  or  three  to  perhaps  a  dozen. 
This  is  necessarily  so,  as  the  tremendous  strides  with  which  the  engi- 
neering arts  and  sciences  have  advanced  during  the  last  25  years  have 
enabled  business  men  to  place  on  the  market  an  almost  endless  variety 
of  appliances  and  materials,  all  produced  by  special  knowledge  and 
careful  study  of  economy  and  utility.  What  man,  then,  after  attending 
to  his  own  special  work,  that  is,  work  in  which  he  is  pre-eminently 
trained,  say  as  a  sanitary,  electrical,  hydraulic,  structural, ,  or  railroad 
engineer,  not  to  mention  all  the  other  specialties,  and,  as  a  rule,  finding 
that  it  takes  all  his  time  to  keep  abreast  with  the  developments  in  his 
own  line,  can  also  pass  on  all  the  specialties  in  other  lines,  admitting 
that  he  has  good  judgment  and  is  a  hard  worker?  Clearly,  he  can 
not,  but  must  call  to  his  assistance  men  who  are  specially  trained  in 
other  lines  which  they  have  made  their  life  study.  The  difficulty  then 
becomes  apparent:  He  has  not  enough  money  allotted  to  pay  for  all 
this  special  knowledge,  and,  unless  he  has  plenty  of  time  to  study  the 
matter  up  himself,  he  has  to  accept  free  advice  from  the  men  who  sell 
these  various  articles.  Free  advice,  however,  is  not  free  to  the  owner, 
as  the  laws  of  compensation  hold  good  here  as  elsewhere,  and  while 
there  can  be  no  proper  objection  because  the  owner  pays  for  the  advice, 
yet  it  has  the  disadvantage  that  it  stifles  fair  competition  by  giving 
the  favored  free  adviser  special  privileges  in  a  thorough  knowledge  of 
the  plans  or  by  introducing  special  articles,  of  which  there  may  be 
several  varieties,  but  his  own  is  specified.  Clearly,  it  is  to  the  interest 
of  the  owner  to  pay  a  specialist  for  his  unbiased  advice;  for  the  owner 
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must  pay  for  advice,  and  why  not  pay  a  man  whose  sole  object  is  the    Mr. 
safety  and  economy  of  the  work  on  which  he  is  consulted,  and  who  ^^^°"*'- 
has  no  special  device  of  his  own  to  sell? 

The  engineer's  object  is  to  carry  out  works  for  the  welfare  and 
convenience  of  man  in  a  safe  and  economical  way;  in  other  words,  the 
engineer  makes  improvements  possible  by  his  knowledge  of  the  applied 
sciences,  and  it  is  his  sole  duty  to  plan  his  special  work  in  such  a  way  that 
attention  is  paid  to  locality,  permanence  of  work,  future  requirements, 
present  resources,  and  other  matters.  The  "designer" — as  Mr.  Hawkes- 
worth  terms  the  engineer  or  architect-in-chief — will  then  give  a  fair 
chance  to  all  bidders,  by  having  the  features  with  which  he  is  ac- 
quainted only  in .  a  general  way  planned  by  an  engineer  specialist ; 
for  the  specialist,  without  confining  himself  to  one  or  two  things,  can 
indicate  clearly  to  all  bidders  what  is  wanted,  and  being  a  judge  of  the 
excellencies  of  all,  he  gives  the  freest  scope  to  fair  competition.  It  is 
granted  that  the  manufacturers  and  general  contractors  have  just  as 
able  engineers  at  their  service;  but,  at  the  same  time,  the  manu- 
facturers are  bound  to  look  after  their  own  "future  requirements, 
resources,  etc." 

Mr.  Hawkesworth  has  suggested  many  ways  by  which  the  interests 
of  the  Profession  may  be  safeguarded  and  mistakes  in  the  conduct  of 
business  avoided,  thus  making  for  the  maintenance  of  high  standards. 
Little  can  be  added  in  regard  to  the  methods  advocated,  but  it  seems 
pertinent  to  say  that,  to  carry  on  work  along  such  lines,  giving  the 
best  in  everything,  can  be  possible  only  when  owners  understand  the 
benefits  accruing  to  them  by  paying  enough  for  professional  services 
so  that  skill  can  be  employed.  It  appears,  therefore,  to  be  the  duty 
of  all  engineers  to  try  and  get  work,  not  simply  by  stating  how  cheaply 
their  services  can  be  had,  but  by  showing  how  cheaply  work  can  be 
carried  out  when  they  are  paid  well  enough  to  give  attention  to  all 
details;  this  would  be  a  sort  of  campaign  of  education,  bound  to  be 
beneficial  both  to  engineers  and  owners. 

An  engineer  who  has  the  good  fortune  to  carry  out  his  work  on  the 
highest  professional  lines  will  gain  still  more  good  fortune  as  the 
years  roll  by,  if  he  manages  to  be  alive  when  his  well-earned  reputa- 
tion becomes  firmly  established,  as  it  is  bound  to  become,  sooner  or 
later;  for  painstaking  care  in  all  details,  however  small,  will  enlarge 
his  knowledge  and  ripen  his  judgment,  and,  although  no  man  can 
plan  work  so  as  to  be  free  from  mishaps  of  some  kind  or  other,  it  w 
his  duty  to  take  all  precautions.  Probably  the  best  ,way  for  engineers 
to  get  in  line  for  a  high  class  of  work  is  to  learn  all  they  possibly  can 
about  their  specialty,  and  enough  about  other  lines  to  pick  out  the  men 
who  can  assist  them  most  efiiciently,  and  let  them  do  their  end  of  the 
work.  Even  if  engineers  are,  financially,  immediate  losers,  due  to 
insufficient  funds,  the  results  of  such  co-operation  must  produce  the 
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Mr  best  returns,  and  will  eventually  gain  for  an  engineer  the  reputation 
of  being  reliable  and  a  man  who  takes  enough  pride  in  his  work  to 
allow  no  part  of  it  to  be  ill  performed. 
Mr.  Andrews  Allen,  M.  Am.  Soc.  C.  E.  (by  letter). — The  thanks  of 
the  Engineering  Profession  are  certainly  due  Mr.  Hawkesworth  for 
his  timely  paper.  There  is  far  too  little  attention  paid  to  the  ethical 
and  moral  standards  of  the  Profession  in  papers  and  discussions 
published  by  the  Society,  as  they  usually  deal  with  physical  facts  and 
methods  of  work,  things  done  and  the  mechanical  tools  for  doing 
them,  forgetting  the  human  elements  which  are  the  most  important 
of  all. 

The  engineer,  in  the  different  lines  in  which  he  works,  sustains 
important  relations,  and  is  vested  with  great  responsibilities  which 
involve  far  more  than  technical  skill.  As  engineer  in  charge,  or  as 
"designer,"  he  represents  the  business  interest  of  the  owner,  and  at 
the  same  time  is  given  supreme  power  as  arbitrator  between  the  owner 
and  the  contractor.  As  contractor,  or  as  engineer  for  the  contractor, 
he  has  to  conduct  difficult  negotiations  with  the  owner  or  his  engineer, 
see  that  the  work  is  done  right  and  in  accordance  with  the  require- 
ments, and  get  a  profit  out  of  the  job.  Each  engineer,  and,  to  a  smaller 
extent,  each  subordinate,  has  an  organization  to  maintain,  the  effi- 
ciency of  which  depends  largely  on  the  loyalty,  confidence,  and  co- 
operation he  is  able  to  secure  among  his  men.  Success  depends 
more  on  the  personality,  vigor,  fairness,  and  honesty  of  the  engineer 
than  anything  else,  and  still  technical  societies  are  doing  almost 
nothing  to  direct  or  encourage  growth  along  these  lines;  and  engi- 
neering business  methods  are  doing  quite  the  reverse.  If  an  engineer 
does  not  happen  to  be  born  with  these  qualities  fully  developed,  he 
has  a  hard  time  getting  any  assistance  in  developing  them.  Nearly 
all  educational  methods  are  based  on  the  idea  that  good  morals  cannot 
be  taught  in  schools,  and  the  young  man  is  expected  to  get  this  part 
of  his  education  at  church,  where  he  is  very  apt  to  get  only  the  husks 
of  ethics  or  morality,  with  no  ideas  as  to  applying  them,  or  in  the 
home,  where  the  faults  of  the  present  generation  are  perpetuated.  The 
natural  result  is  that  most  young  men  get  no  moral  education  at  all, 
and  are  thrown  into  business  conditions  which  they  do  not  fully  un- 
derstand, and  with  no  real  conception  of  right  and  wrong.  If  things 
look  a  little  queer  to  them,  they  just  excuse  them  under  the  old  motto 
that  "Business  is  business,"  which,  if  it  means  anything,  means  that 
any  methods  are  right  which  bring  money  into  your  pocket  or  the 
pocket  of  your  employer.  If  men  are  not  hopelessly  corrupted  at  the 
start,  they  drift  around  without  any  adequate  moral  standards — unless 
they  are  so  fortunate  as  to  get  their  moorings  somewhere — and  build  a 
system  of  ethics  which  satisfies  their  requirements.  It  is  no  wonder, 
therefore,   that   many   of   them   go   wrong   professionally,   not   engag- 
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ing   in   acts   which   are   criminal   under   the   law,   but   acts,   such    as   Mr. 
those  mentioned  by  the  author,  which  simply  show  the  lack  of  a  proper      ^°" 
ethical  standard  or  the  strength  to  live  by  it. 

The  author  has  mentioned  only  a  few  of  the  things  which  are  be- 
ing done  every  day,  both  by  "designers"  and  contractors.  A  "de- 
signer" or  an  owner  will  often  get  a  detailed  plan  of  some  part  of  the 
work  from  a  contractor,  cut  off  the  name,  and  submit  it  to  other 
contractors  for  bids.  A  contractor  will  frequently  make  use  of  his 
opportunities,  when  called  into  consultation  by  the  "designer,"  to 
"load  up"  the  work  so  that  he  is  able  to  underbid  all  competitors, 
and  then,  as  the  author  states,  cleverly  "unload"  again  by  offsetting 
one  change  against  another,  make  a  good  profit,  and  perhaps  do  a 
most  excellent  piece  of  work  where  another  contractor  might  have 
lost  money. 

These  are  rather  flagrant  but  none  the.  less  common  examples. 
Going  a  step  farther:  How  many  engineers,  and  how  many  con- 
tractors, do  their  work  as  though  it  were  their  own  and  they  were 
doing  it  for  themselves?  How  often  one  hears  the  question:  "Who 
pays  for  this?  Is  it  lump  sum  or  unit  price?  If  we  have  to  pay  for 
it,  we'll  leave  it  out;  if  the  other  fellow  pays  for  it,  we'll  put  it  in." 
How  many  times  does  the  "designer"  refuse  to  allow  or  to  make  a  de- 
sirable change  in  his  plans  for  fear  the  contractor  will  make  a  little 
more  money.  How  often  does  the  contractor  fail  to  call  attention 
to  changes  or  modifications  in  methods  or  plans,  which  might  benefit 
the  owner  or  the  work,  because  his  own  interest  might  suffer  thereby. 
So  it  is  all  the  way  down  the  line,  until  one  cannot  help  wondering 
what  is  really  the  matter.  The  author  suggests  certain  remedies, 
many  of  which  are  excellent  and  all  of  which  show  the  right  spirit, 
but  here  one  runs  up  against  an  economic  law.  The  owner  is  paying 
the  bills  and  does  not  see  why  he  should  pay  for  so  many  kinds  of 
expert  advice  when  so  much  of  the  best  expert  talent  is  already  in 
the  service  of  the  contractors  or  manufacturers,  and  necessarily  so, 
because  their  very  life  as  manufacturers  or  contractors  depends  on 
such  talent.  A  great  deal  of  special  consultation  usually  means  a 
duplication  of  effort  and  expense,  and  an  economic  loss.  If  the  con- 
sulting specialist  should  ever  take  full  control  of  all  departments  of 
designing,  the  writer  believes  that  there  would  be  a  swift  deterioration 
in  productive  efficiency  and  ultimately  in  engineering  merit.  The 
place  for  the  expert  specialist  is  near  his  tools. 

The  writer  is  afraid,  therefore,  that  the  author's  actual  remedies 
are  directed  more  toward  the  symptoms  than  the  real  disease.  But 
what  is  the  real  disease?  Partly  commercialism,  the  wish  to  get 
something  for  nothing,  but  principally,  as  it  seems  to  the  writer,  the 
fact  that  the  immediate  interests  of  all  the  various  parties  to   con- 
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Mr.  tract  work — owner,  "designer,"  contractor,  and  sub -contractor — are 
necessarily  and  absolutely  at  variance. 

The  immediate  self-interest  of  the  owner,  before  the  work  is  let, 
is  to  obtain  the  lowest  possible  prices  by  every  means  in  his  power, 
and  after  the  work  is  let,  to  get  as  much  as  he  can  out  of  the  con- 
tractor. The  immediate  self-interest  of  the  "designer"  is  frequently 
to  make  the  work  cost  as  much  as  possible,  and  to  slight  it  all  he  can. 
The  immediate  self-interest  of  the  contractor  before  the  work  is  let, 
is  to  underbid  his  competitors,  and  after  the  award,  to  get  out  as 
best  he  can.  It  is  a  state  of  war  in  which  each  party  has  many 
weapons,  and  neither  can  be  blamed  very  much  for  using  them.  It 
is  not  much  worse  for  the  contractors  to  pool  a  job  than  for  the  owner 
or  "designer"  to  play  one  bidder  against  another.  Both  are  strata- 
gems of  war,  and  the  only  marvel  is  that  things  are  no  worse.  An 
honest  contractor  and  a  fair  and  broad-minded  engineer  are  both 
entitled  to  the  very  highest  credit,  for  they  can  only  be  developed, 
under  the  present  system,  by  forgetting  immediate  self-interest  and 
looking  forward  to  the  ultimate  reward  of  true  honesty. 

So  we  start  with  no  adequate  moral  training,  practically  nothing 
is  done  in  the  professional  societies,  and  engineering  business  methods 
are  such  as  to  put  a  premium  on  self-seeking  cleverness,  and  not  on 
honesty  and  real  manhood. 

The  writer  realizes  that  business  conditions  are  matters  of  gradual 
development.  Engineers  could  not  change  their  methods  suddenly  if 
they  would,  or  if  they  saw  clearly  the  way  to  change  them,  but  they 
can  take  a  step  once  in  a  while  in  the  direction  of  better  conditions, 
and  so  gradually  improve  them.  It  is  the  writer's  conviction  that 
conditions  never  can  be  good  until  the  interests  of  all  parties  con- 
nected with  engineering  work,  from  owner  and  "designer"  to  con- 
tractor, are  all  directed  to  the  same  end,  and  that  end,  the  excellence 
and  true  economy  of  the  work.  The  thing  that  blocks  the  path  of 
improvement  is  the  method  of  contracting  for  engineering  work  by 
price   competition. 

Anyone  familiar  with  contract  work  knows  that  a  tremendous 
price  is  paid,  in  shoddy  work,  inefficiency,  and  moral  diseases,  for 
competition,  and  yet  we  are  told  that  it  is  a  sacred  thing,  and  that 
absolute  freedom  of  competition  is  necessary  to  progress.  The  writer 
freely  confesses  that  he  is  a  heretic.  In  the  first  place  there  never 
has  been,  and  never  will  be,  free  and  perfect  competition.  In  the 
second  place,  it  has  already  become  necessary  to  substitute  "regula- 
tion" for  competition  among  the  railroads,  and  it  soon  will  be  neces- 
sary to  do  the  same  thing  with  the  trusts.  It  is  perfectly  true  that, 
in  the  past,  much  progress  has  come  through  competition.  In  the 
same  way,  much  progress  has  come  through  savage  warfare,  but  it 
does  not  follow  that  price  competition  is  necessary  or  beneficial  to- 
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day  any  more  than  it  follows  that  we  should  throw  away  our  govern-   Mr. 
ment    regulations,    arbitrations,    and   courts    of   law,    and  go   back   to  ^^^^^' 
settling  our  disputes  with  our  fists  or  our  battle-axes. 

Of  course,  something  will  have  to  take  its  place.  Most  men  still 
need  a  great  incentive  to  put  forth  their  best  efforts;  but  why  not 
devise  some  method  of  securing  a  "competition  of  excellence,"  in- 
stead of  price?  And  such  a  method  can  be  devised.  The  "fee  basis," 
modified  perhaps  so  that  profits  below  or  losses  above  the  estimated 
cost  are  shared  in  certain  proportions,  seems  to  offer  a  hint  of  the  true 
method.  The  contractor  is  assured  of  a  reasonable  profit,  and  is  also 
benefited  by  economy  of  operation.  The  interests  of  all  parties  are 
as  near  to  those  of  the  owner  as  it  is  possible  to  make  them.  The 
owner  gets  the  benefit  of  the  contractor's  experience  and  equipment. 
The  contractor  has  to  depend  on  his  reputation  for  honesty  and  efii- 
cient  work,  instead  of  a  low  bid,  for  getting  his  contracts,  and,  still 
more  important,  all  parties  can  co-operate,  after  the  contract  is  let, 
to  obtain  the  best  results  for  the  benefit  of  all.  Anyone  who  has 
done  work  fairly  and  honestly  under  this  method  will  bear  testimony 
to  the  way  in  which  the  difficulties,  misunderstandings,  and  "danger- 
ous expedients"  vanish  like  mist  before  the  sun.  The  expert  or 
engineer  of  the  contractor  has  a  recognized  standing  at  court.  The 
"designer"  is  free  to  devote  himself  to  the  larger  elements  and  rela-* 
tions  of  the  work,  and  to  avail  himself  of  the  full  value  of  the  expert 
services  of  the  contractor  or  manufacturer,  and  the  contractors  will 
be  selected  because  they  are  the  best  in  their  lines,  and  not  because 
one  happens  to  leave  out  enough  in  his  estimate  to  make  him  a  low 
bidder. 

Of  course,  this  is  Utopian.  It  will  require  great  changes  in  busi- 
ness methods,  and  the  cutting  away  of  much  dead  timber.  It 
will  require  higher  moral  standards,  but  it  will  breed  them  in  turn, 
and  the  writer  will  be  satisfied  if  he  has  succeeded  only  in  calling 
attention  to  the  problem,  in  the  hope  that  our  thoughts  and  efforts 
may  help  future  generations  to  outgrow  some  of  our  present  trouble, 
and  build  wisely  and  well,  not  only  their  engineering  and  architec- 
tural works,  but  the  character  and  manhood  of  the  profession  and  of 
the    race. 

Guy  B.  Waite^  M.  Am.  See.  C.  E.  (by  letter). — On  first  glancing  Mr. 
at  this  paper  the  writer  thought  that  it  was  one  more  of  the  numerous  ^^'**^- 
censures  for  the  contractor  and  praise  for  the  zealous  efforts  of  the 
designer  to  remedy  the  evils  existing  in  the  business  of  the  designer, 
owner,  and  contractor,  but  a  careful  reading  has  satisfied  him  that 
there  is  one  designer  who  is  able  to  give  an  unbiased  opinion  of  the 
conditions  existing,  in  his  particular  sphere,  between  designer,  owner, 
and  contractor. 

The  author  is  undoubtedly  revealing  truths  derived  from  personal 
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Mr.  experience.  Evidently,  he  does  not  belong  to  that  class  of  designers 
^^**®'  who  assign  all  the  evils  existing  in  the  contracting  business  to  the 
contractor,  and  give  all  the  credit  for  efforts  to  remedy  the  same  to 
the  engineer. 

Although  the  author  has  covered  the  particular  field  of  action  which 
he  has  in  mind  with  credit  and  satisfaction  to  both  his  profession  and 
the  contractor,  yet  the  writer  feels  that  it  is  not  entirely  out  of  place 
to  refer  to  other  actions  between  designers,  owners,  and  contractors, 
not  mentioned  in  the  paper.  He  refers  more  particularly  to  actions 
between  designers  and  contractors  which,  ethically,  he  would  term 
^^dishonest  honesty." 

Competent  designers  know  that  all  valuable  experiences,  as  to  the 
costs  of  any  new  design,  etc.,  are  luxuries  which  are  expensive  in  time 
and  money.  If  such  designers  are  wise,  they  save  the  necessary  time 
and  money  for  these  experiences  by  taking  into  their  confidence  some 
honest  and  competent  contractor.  Seldom  does  the  contractor  hesitate 
to  drop  all  and  give  his  best  advice  to  the  designer,  even  when  his 
running  expenses  are  such  that  time  is  money  to  him. 

There  are  many  contractors  giving  such  advice,  who,  in  no  way, 
would  mislead  a  designer  for  any  personal  interests,  and  would  not 
wish  to  place  any  designer  in  a  position  to  feel  that  he  was  under 
obligations.  All  that  such  a  contractor  would  expect  would  be  an  equal 
chance,  on  the  same  plane  as  other  contractors,  when  the  time  came  to 
take  estimates  and  award  contracts.  The  interchange  of  knowledge 
between  the  honest  designer  and  the  honest  contractor  would  seem  to 
warrant  a  mutual  condition  of  confidence,  whereby  the  contractor 
deserves  the  same  consideration  as  given  to  other  parties  who  have 
not  assisted  so  freely  in  making  the  engineer's  or  the  architect's  plans 
practical.  However,  a  peculiar  condition  sometimes  exists  among 
designers  and  contractors,  whereby,  after  the  contractor,  at  the  sug- 
gestion of  the  designer,  has  done  all  that  was  possible,  the  latter  seems 
to  think  it  his  professional  duty  either  to  forget  him  entirely  or  place 
him  at  a  disadvantage.  The  feeling  on  the  part  of  the  designer  seems 
to  be  that  some  one  may  suspect  him  of  being  too  friendly  with  the 
contractor.  If  such  a  contractor  should  be  so  unfortunate  as  to  beat 
all  comers,  however  much  they  forgot  to  include,  and  obtain  the  con- 
tract, then  the  appreciating  designer  becomes  worried,  and  studies 
how  he  can  prove  to  the  owner  that  he  is  working  solely  for  him. 

The  designer  at  every  turn  stands  on  the  blanket  clauses  in  his  con- 
tract, which  state  that  "everything  necessary,  whether  shown  or  speci- 
fied, shall  be  furnished  without  extra  cost."  This  is  intended  to  cover 
his  many  oversights. 

When  there  is  any  doubt  as  to  the  plans  and  specifications  covering 
extra  work,  and  the  owner  is  convinced  that  he  should  be  indebted  to 
the  contractor,  then  the  designer  intervenes,  and  advises  the  owner  that 
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he  can  just  as  well  have  it  for  nothing.  If  one  kind  of  cement  or  one  Mr. 
form  of  patented  device  will  serve  as  well  as  another,  and  the  con-  ^^'^• 
tractor  is  being  held  up  for  a  large  bonus,  the  designer  asserts  his 
authority,  and  demands  that  there  shall  be  no  variation.  He  shows  the 
owner  from  time  to  time  how  it  pays  him  to  have  an  "honest  designer," 
and  how  much  he  has  obtained  from  the  contractor  for  nothing.  It 
never  occurs  to  him  that  the  cost  of  the  next  work  he  designs  will  be 
increased  by  every  one  who  knows  him. 

Another  designer,  whose  character  differs  slightly  from  that  of  the 
foregoing,  is  the  one  who  feels  himself  to  be  so  weak  that  he  imagines 
it  will  make  him  appear  strong  to  persecute  his  best  friends  and  grant 
favors  to  his  enemies.  In  this  way  he  seems  to  think  he  can  establish 
the  fact  that  he  is  very  fair. 

Characters  of  these  types  are  quite  common  among  "highly  edu- 
cated" professional  designers  and  those  who  want  people  to  think  they 
are  highly  educated.  The  writer  mentions  these  classes,  and  places 
them  in  the  list  of  "dishonest  honest"  designers,  not  from  personal 
impressions,  but  because  they  seem  to  stand  in  their  own  light,  and 
should  be  considered  when  making  up  a  code  of  ethics  between  the 
designer,  the  owner,  and  the  contractor. 

J.  H.  Gandolfo,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — It  has  often  Mr. 
been  said  of  engineers  that  they  are  so  interested  in  the  technicalities  ^^^'^  ^  ^' 
of  their  profession,  and  so  absorbed  by  the  requirements  of  the 
immediate  work  in  hand,  that  they  have  neither  the  time  nor  the 
inclination  to  consider  the  broader  ideas  of  life,  or  those  general  ques- 
tions that  link  the  Profession  to  the  rest  of  mankind.  This  fact  is 
typically  exemplified  in  the  opening  paragraph  of  this  paper,  wherein 
the  author  thinks  it  necessary  practically  to  apologize  for  presenting 
a  non-technical  paper.  The  Society  should  welcome  such  contribu- 
tions to  its  literature,  and  it  would  be  to  the  advantage  of  the  Profes- 
sion, and  would  broaden  the  understanding  between  it  and  the  general 
public,  if  more  papers  of  this  class  were  presented. 

Mr.  Hawkesworth  has  done  well  to  call  attention  to  certain  ques- 
tionable practices  by  some  engineers.  Of  course,  there  is  a  natural 
tendency  to  keep  "mum"  on  such  a  subject,  but  the  time  has  come  when 
it  is  the  duty,  not  only  of  the  engineer,  but  of  everyone,  to  expose 
"graft"  in  any  form  or  shape.  Unfortunately,  we  are  living  in  an  age 
when,  if  a  man  rides  on  a  transferred  transfer  ticket,  he  is  treated  as  a 
criminal.  On  the  other  hand,  if  a  man  issues  to  the  public  so-called 
"securities"  that  represent  nothing,  and,  further,  makes  way  with  the 
entire  funds  of  banks  by  borrowing  on  such  "securities,"  he  is  ap- 
plauded as  a  financier.  Perhaps  the  majority  of  people  do  not  realize 
to  what  an  extent  "graft"  (which  is  only  another  word  for  "dis- 
honesty") has  developed  in  some  classes  of  engineering  enterprises, 
and  the  following  occurrences,  which  have  been  brought  to  the  writer's 
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Mr.       attention,  may  be  of  interest.     In  this  discussion  the  term,  "designer," 
Gandoifo.  ^-jj  Y)q  used  in  the  same  sense  as  in  the  paper. 

On  a  certain  job  involving  the  use  of  some  4  800  tons  of  structural 
steel,  the  contract  was  let  to  a  steel  contractor  without  calling  for  bids 
and  with  the  understanding  that  the  contractor  was  to  prepare  the 
general  and  detailed  plans,  which  work  was  to  be  supervised,  and  the 
drawings  finally  checked  and  approved,  by  the  "designer."  The  reason 
for  this  method  of  procedure  developed  later,  when  it  was  found  that 
several  directors  of  the  purchaser's  company  were  also  on  the  board  of 
the  steel  contractor.  The  "designer's"  chief  assistant  engineer,  a 
young  man,  warned  him,  before  the  contract  was  let,  that,  as  it  was 
to  be  on  a  pound-price  basis,  fraud  was  likely  to  creep  in,  as  there 
might  be  an  unnecessary  increase  in  the  weight  of  the  structure.  He 
was  told  by  the  "designer,"  a  man  much  older  and  more  experienced 
than  himself,  that  such  a  concern  as  this  contractor  would  not  stoop 
to  any  such  practices. 

As  the  work  progressed,  the  "designer's"  assistant  repeatedly  had 
occasion  to  call  the  attention  of  his  superior  to  places  in  the  design 
where  totally  unnecessary  material  was  being  introduced.  The  "de- 
signer," influenced  perhaps  by  the  knowledge  of  the  similarity  in 
directorship,  did  not  take  any  radical  action,  in  spite  of  several  stormy 
interviews  with  the  contractor's  engineers.  The  final  result  was  that 
this  steelwork  cost,  in  round  numbers,  $50  000  more  than  it  should. 

Another  incident,  which  concerns  an  architect,  shows,  by  inference, 
what  may  be  done.  Three  firms,  one  of  which  will  be  called  the 
"favored  contractor,"  were  asked  to  bid  on  a  certain  job.  When  the 
bids  first  came  in,  that  of  the  "favored  contractor"  was  found  to  be  the 
highest.  All  the  bids  were  rejected,  some  minor  alterations  in  the 
plans  were  made,  and  new  bids  were  called  for.  Again  the  "favored 
contractor's"  bid  was  the  highest.  The  same  process  was  repeated, 
and,  on  the  third  attempt,  the  bid  of  the  "favored  contractor"  was  just 
$50  less  than  that  of  the  next  lowest  bidder.  Of  course,  no  one  can 
say  that  there  was  collusion  between  the  "designer"  and  the  con- 
tractor, short  of  a  direct  confession  from  one  or  the  other,  but  the  facts 
as  they  are  known  are  submitted  for  consideration. 

One  more  illustration,  concerning  a  general  contractor:  In  this 
case,  also,  there  were  said  to  be  some  of  the  same  directors  on  the 
boards  of  the  purchaser  and  the  contractor,  and  it  was  also  said  that 
the  same  banking  house  was  financing  both  enterprises,  but  of  this 
there  is  no  proof.  The  contractor  in  question  was  brought  to  the 
attention  of  the  "designer"  after  bids  had  been  received  and  the  con- 
tract was  about  to  be  closed.  Needless  to  say,  this  contractor  obtained 
the  job,  by  what  means  is  not  known,  so  he  will  be  given  the  benefit 
of  the  doubt,  and  it  will  be  taken  for  granted  that  he  was  honestly 
the  lowest  bidder. 
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As  the  work  progressed,  it  was  found  that  inferior  materials  and  Mr. 
inferior  workmanship  were  being  put  into  the  job.  The  inspectors  ^^°^°^^'^- 
made  report  after  report  to  this  effect,  the  division  engineer,  who  had 
charge  of  this  work,  stormed  and  protested,  and  the  "designer's" 
assistant  wrote  report  after  report  to  his  chief,  setting  forth  in  detail 
wherein  the  work  was  not  up  to  the  plans  or  specifications.  In  the 
meantime  the  contractor  went  calmly  on  the  "even  tenor  of  his  way," 
secure  in  the  knowledge  that  he  held  "the  cold  end  of  the  poker";  and 
so  it  proved,  for  in  spite  of  united  action  on  the  part  of  all  the  sub- 
ordinate engineers  connected  with  this  work,  nothing  was  ever  done. 
And  further,  as  the  time  drew  near  for  the  final  settlement  of  this 
contract,  every  subordinate  inspector  or  engineer,  both  on  the  pur- 
chaser's side  and  on  the  contractor's  side,  who  had  been  on  the  job 
from  the  first,  and  who  knew  where  details  had  been  omitted  and 
where  credits  were  due,  was  dismissed  on  one  pretext  or  another,  so 
that  when  the  work  was  finally  finished,  not  one  of  the  original  engi- 
neers, except  the  "designer,"  was  on  the  job.  Shortly  after,  and  before 
the  final  payment,  even  the  "designer"  thought  it  expedient  to  take  an 
extended  trip  to  Europe,  leaving  the  matter  of  settlement  in  the  hands 
of  those  totally  ignorant  of  the  details  and  progress  of  the  work. 

In  closing,  the  writer  may  state  that  perhaps  it  has  been  his  fate 
to  have  more  of  these  matters  brought  to  his  attention  than  falls  to  the 
lot  of  most  engineers,  and  he  hopes  that  this  is  so.    Tennyson  has  said : 

"There  lie  two  ways  to  every  end, 
A  better  and  a  worse." 

The  writer  trusts  that,  as  time  goes  on,  it  will  be  found  that  engi- 
neers have  always,  without  exception,  followed  the  first  of  these  two 
roads. 

John  Hawkesworth,  Assoc.  M.  Am.  Soc.  C.  E.   (by  letter). — In         Mr. 

I      .  I  ./»TiTi  •  1  '  1  -.11     Hawkeswoi  th. 

closing,  the  writer  leels  that  little  remains  to  be  said,  except  to  tliank 
those  who  have  contributed  to  the  discussion  for  their  commendatory 
interest.  In  their  unanimity  of  opinion  regarding  the  unfortunate 
state  of  affairs  which  the  author  sought  to  portray,  it  is  perhaps 
regrettable  that  so  little  attention  was  paid  to  the  direct  method  of 
relief  suggested  in  the  paper.  On  this  latter  point,  it  was  felt  that 
suggestion,  or  even  adverse  criticism,  would  have  been  of  value. 

It  is  true  that,  in  private  communications  to  the  writer,  not  in- 
tended for  publication,  the  paper  was  attacked,  and  it  is  to  be  regretted 
that  these  communications  could  not  also  have  have  been  presented 
to  the  Society.  The  assertion  most  frequently  made  was  that  no  large 
piece  of  work  could  be  planned  or  executed  without  a  certain  amount 
of  leeway,  a  sort  of  reciprocal  attitude  of  "give  and  take"  here  and 
there,  between  "designer"  and  contractor,  in  order  to  eliminate  errors 
of  judgment  and  faults  of  design. 


Hawkeswort' 
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Mr.  The  writer  never  intended  to  claim  that  competency  on  the  part 

of  the  "designer"  necessarily  implies  a  perfect  design.  However,  for 
fairness  of  comparison  between  the  work  of  various  "designers,"  it  does 
indeed  seem  to  be  necessary  that  hidden  errors  should  be  brought  to 
the  attention  of  the  one  who  is  paying  for  the  work,  and  that  any 
departure  from  the  requirements  of  a  lump-sum  contract  should  be 
adjusted  by  some  other  method  than  a  private  arrangement  between 
"designer"  and  contractor. 
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With  Discussion  by  C.  E.   Grunsky,  H.  F.  Hodges,  Theodore 

Paschke,  Allen  Hazen,  C.  M.  Saville,  and 

Julio  F.   Sorzano. 


On  March  16th,  1909,  the  Chamber  of  Commerce  of  the  State  of 
New  York  appointed  a  special  committee  to 

"*  *  *  make  a  study,  from  the  standpoint  of  the  requirements  of 
the  world's  shipping,  of  the  problems  involved  in  the  construction  of 
the  Canal  at  Panama,  and  report  what,  in  its  opinion,  should  be  done, 
engineering  and  financial  considerations  permitting,  to  make  the  Canal 
best  subserve  the  needs,  for  all  time  to  come,  of  a  constantly  expanding 
commerce." 

The  writer,  as  a  member  of  that  committee,  has  lately  had  the 
opportunity  to  study  many  of  the  very  interesting  problems  brought 
before  it. 

Among  these,  perhaps  the  question  of  "water  supply  for  the  locks" 
is  one  of  the  most  important,  on  account  of  the  effect  it  may  have 
on  the  ultimate  capacity  of  the  Canal,  and  on  its  ability  to  meet  the 
future  requirements  of  the  service  for  which  it  is  being  built. 

Originally,  when  the  proposed  locks  were  of  considerably  smaller 
dimensions  and  the  requirements  of  navigation  had,  perhaps,  not  been 
estimated  to  their  full  magnitude,  the  available  water  at  the  Isthmus 
was  considered  sufficient  for  all  the  needs  of  the  proposed  waterway; 

*  Presented  at  the  meeting  of  November  17th,  1909. 
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but  now,  with  the  greatly  enlarged  locks  under  construction  and  the 
increased  sizes  of  the  vessels  afloat,  it  seems  that  this  question  could 
and  ought  to  be  studied  again  under  these  new  conditions  and  with 
due  regard  to  the  ever  increasing  requirements  of  navigation. 

It  is  under  such  impression  that  the  writer  ventures  to  submit  to 
the  American  Society  of  Civil  Engineers  the  following  considerations, 
not  with  the  object  of  criticizing  the  plans  now  in  execution,  but  only 
with  the  earnest  desire  of  starting  among  its  members  a  discussion  of 
a  subject  believed  to  be  of  great  importance  to  the  country. 

To  make  this  analysis  clearer,  it  is  well  to  establish  here  some  of 
the  elements  that  enter  into  the  problem,  viz.: 

The  main  features  of  the  lock-canal  system; 
The  requirements  of  navigation; 
The  available  supply  of  water;  and 
The  consumption  of  water. 

Main  Features  of  the  Lock-Canal  System. 

It  is  well  known  that  the  adopted  plans  for  the  Lock  Canal  com- 
prise a  high-level  waterway  between  Colon  and  Panama,  consisting  of : 

a. — One  sea-level  section,  on  the  Atlantic  side,  from  Colon  to  Gatun, 
about  7  miles  long. 

h. — One  set  of  twin,  three-flight  locks,  at  Gatun,  with  a  total  lift  of 
88  ft.,  connecting  the  sea-level  section  with  the  high-level  lake  at  Gatun. 

c. — An  artificial  lake  to  be  formed  at  a  level  of  87  ft.  above  the  sea, 
to  be  used  for  the  storage  of  water  for  the  locks.  In  this  reservoir, 
to  be  named  "Gatun  Lake,"  will  be  dug  a  channel  45  ft.  deep  and 
24  miles  long,  with  submerged  banks,  for  the  navigation  between  the 
Gatun  locks  and  the  Culebra  Cut.  This  reservoir  will  have  an  area  of 
170  sq.  miles  at  high  water  and  about  100  sq.  miles  at  60  ft.  elevation. 
More  than  90  islands  will  be  formed  by  the  flooding  of  that  lake 
through  the  hills  of  the  Canal  Zone. 

d. — The  Culebra  section,  or  high-level  canal  through  the  Culebra 
Cut,  extending  from  Gamboa  on  the  lake  to  the  Pedro  Miguel  locks, 
about  7  miles,  toward  the  Pacific  side. 

e. — One  set  of  twin-locks  at  Pedro  Miguel,  with  a  lift  of  32  ft.  at 
high  water. 

f. — One  section  of  intermediate  canal,  about  IJ  miles  long,  between 
Pedro  Miguel  and  Miraflores,  at  Elevation  -f-  55  ft. 
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g. — A  set  of  twin  two-flight  locks  at  Miraflores  on  the  Pacific  slope, 
with  a  maximum  lift  of  66  ft. 

h. — A  sea-level  section  from  Miraflores  to  deep  water  on  the  Pacific, 
near  Panama;  about  8^  miles  long. 

The  total  length  of  the  Canal  is  nearly  50  miles,  of  which  about 
15^  miles  are  a  sea-level  canal  at  tide  water,  and  about  31  miles  are 
at  an  elevation  of  87  ft.  above  the  sea.  The  remainder  is  in  locks  and 
the  intermediate  section. 

This  waterway  will  have  23  changes  of  direction,  and  is  to  be  navi- 
gated by  a  "polygonal  route,"  so  as  to  avoid  the  various  islands  and 
shoals  which  will  be  formed  in  the  lake  by  the  existing  hills  and  by  the 
high  grounds  on  each  side  of  the  route. 

The  twelve  locks  are  to  be  operated  with  the  water  accumulated  and 
stored  in  that  artificial  lake,  from  the  annual  discharge  of  all  the 
streams  emptying  into  it;  that  discharge  and  rainfall  being  the  only 
sources  of  water  supply  for  the  whole  system. 

It  is  expected  that  the  depth  of  water  in  the  lake,  under  these  plans, 
will  vary  only  from  47  ft.  at  high  water  to  40  ft.  at  low  water,  at  the 
end  of  the  dry  season. 

The  purpose  of  this  monograph  is  to  ascertain  whether  this  40-ft. 
draft  can  be  maintained  at  all  times  in  the  Canal  under  the  conditions 
which  are  possible  and  probable  in  that  locality. 

Kequirements  of  Navigation. 

Draft. — The  law  authorizing  the  construction  of  the  Canal  at 
Panama,  stipulates  that: 

"Such  canal  shall  be  of  sufficient  capacity  and  depth  as  shall  afford 
convenient  passage  for  vessels  of  the  largest  tonnage  and  greatest  draft 
now  in  use,  and  such  as  may  be  reasonably  anticipated."     *    *    * 

The  first  part  of  these  specifications  makes  it  very  simple  to  fix 
the  necessary  draft  in  the  canal,  as  far  as  the  largest  vessels  now 
afloat  are  concerned.  With  such  craft  as  the  Mauretania,  Lusitania, 
Titanic,  Olympic,  etc.,  requiring  more  than  38  ft.,  this  figure  must 
necessarily  be  taken  as  the  actual  salt-water  draft  for  which  the  Canal 
shall  afford  convenient  passage. 

As  for  the  draft  that  "may  reasonably  be  anticipated"  for  the 
future,  it  is  a  debatable  question  which  would  carry  us  beyond  the 
limits   of   this   paper,    and   no   one   can   decide   it   now   with   absolute 
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authority;  but  a  study  of  the  water  requirements  of  an  international 
waterway  having  permanent  locks,  would  not  be  complete,  from  the 
point  of  view  of  true  engineering,  if  due  consideration  were  not  given 
to  this  most  important  part  of  the  problem,  viz.,  the  probable  dimen- 
sions of  future  vessels. 

Prolahle  Dimensions  of  Future  Vessels. — Taking  as  a  basis  of  com- 
parison only  the  period  since  steam  navigation  became  fully  estab- 
lished, it  will  be  found  that  in  56  years  the  following  increases  in  the 
dimensions  of  steam  vessels  have  taken  place: 

Their  beam 120% 

Their  draft 132% 

Their  length 203% 

Their  displacement 1  607% 

Their  driving  power 3  082% 

A  more  detailed  analysis  of  the  ratio  of  increase  of  marine  dimen- 
sions in  the  last  25  years  only,  will  show  that,  if  the  same  gradual 
average  increase  be  kept  for  30  years  more,  the  craft  afloat  at  that 
time  will  have  dimensions  beyond  the  capacity  of  even  the  immense 
locks  now  being  built  at  Panama. 

With  such  precedents  and  a  further  consideration  of  the  enormously 
increased  facilities  for  marine  construction  now  at  our  command,  the 
reduction  in  the  cost  of  materials,  the  ever-diminishing  ratio  of  weight 
per  unit  of  power,  the  introduction  of  new  metals,  new  fuels,  and  new 
methods  for  their  utilization,  added  to  the  well-proven  necessity  of 
large  units  for  economy  in  results,  it  is  permissible  to  admit  that  the 
wonderful  gradual  development  in  marine  architecture,  so  marked  in 
these  last  few  years,  will  not  stop  just  now,  when  all  commercial, 
industrial,  and  physical  conditions  point  to  the  contrary. 

For  such  reasons,  the  writer  believes  that,  in  the  not  very  distant 
future,  commerce  will  demand,  and  obtain,  for  our  long-distance  trade 
with  the  Orient  and  the  South  Pacific  shores,  large  freight  carriers 
of  low  superstructure,  wide  beam  and  extreme  draft.  Such  vessels 
will  use  the  Panama  Canal,  and  this  waterway,  whether  sea-level  or 
lock  canal,  should  be  able  to  meet  their  requirements  when  the  time 
comes. 

The  writer,  however,  will  not  presume  to  predetermine  here,  even 
approximately,  what  the  dimensions  of  such  future  vessels  will  be.  For 
the  purposes  of  this  paper  he  will  only  assume  their  draft  to  be  at 
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least  equal  to  that  of  the  largest  vessels  now  on  the  ways,  say  39  ft. 
6  in.  in  salt  water,  or  40  ft.  8  in.  in  Lake  Gatun. 

Clearance  for  Safe  Navigation. — In  considering  the  depth  of  water 
required  for  the  convenient  navigation  of  a  vessel  having  such  draft, 
the  following  items  must  be  borne  in  mind: 

a. — An  ocean  vessel  will  draw  from  2^  to  3%  more  on  the  warm 
fresh-water  lake  of  the  lock  canal  than  on  the  seas.  For  this,  an 
allowance  of  from  1  to  li  ft.  must  be  added  to  the  salt-water  draft  of  a 
vessel  drawing  39  ft. 

Congress  has  stipulated  1^  ft.  as  the  extra  requirement  for  Gatun  Lake. 

h. — In  well-protected  harbors  and  docks,  where  the  effects  of  winds 
and  waves  are  not  felt,  a  vessel  can  be  made  to  enter  a  dock  with 
scarcely  1  ft.  of  water  under  her  keel;  but  this  demands  the  greatest 
of  care  and  the  slowest  possible  speed,  and  very  few  navigators  would 
like  to  assume  such  risks  many  times  a  daj^ 

c. — For  locks  in  a  canal  exposed  to  wind  and  wave  fluctuations,  con- 
siderably more  clearance  is  absolutely  indispensable.  To  cross  from 
one  ocean  to  the  other  in  the  proposed  lock  canal,  a  vessel  will  have  to 
pass  over  twenty-six  solid  sills  in  the  locks  and  over  many  miles  of 
solid  rock  bottoms  in  the  remainder  of  the  route.  To  reduce  this 
multiple  risk,  the  designers  of  the  locks  have,  very  wisely,  provided 
for  a  net  clearance,  which,  at  the  time  of  their  design,  amounted  to 
more  than  6  ft.  over  the  miter  sills,  and  4  ft.  in  the  Culebra  Cut,  where 
no  large  fluctuations  from  waves  are  to  be  feared. 

d. — In  a  large  lake  like  the  one  proposed  for  the  Lock- Canal 
system,  measuring  more  than  30  miles  in  length  and  160  sq.  miles  in 
area,  northers,  gales,  and  storms  may  produce  at  any  time  waves  of 
considerable  amplitude.  A  steady  breeze  may  "back-up"  the  waters 
at  one  end  of  the  lake  and  depress  them  at  the  other  for  1  ft.  or  more 
at  times.  If  these  conditions  should  happen  to  cumulate,  the  total 
fluctuation  of  the  lake  level  may  be  such  as  to  endanger  or  interrupt 
navigation. 

e. — Preceding  considerations  show  that  to  permit  safe  and  con- 
venient transit  through  the  Lock  Canal,  a  net  clearance  of  at  least  3  ft. 
in  the  canal  proper  and  6  ft.  in  the  lake  is  needed  under  the  keels  of 
passing  vessels.* 

*  In  the  Suez  Canal,  the  clearances  are  restricted  as  follows:  In  the  narrow  channel  or 
canal  pi-ism  proper  4.86ft.;  In  the  "  Larg:e  Bitter  Lake  "  6.56  ft.;  and  the  canal  is  incessantly 
being  deepened  to  maintain  such  clearances,  as  the  average  draft  of  vessels  increases. 
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f.— Any  reduction  of  such  clearances  will  increase  proportionately 
the  risks  and  dangers  of  navigation  through  the  submerged  channels 
in  Lake  Gatun,  particularly  on  the  rocky  bottoms  and  short  navigating 
"legs"  above  Bohio,  on  account  of  the  heavy  fogs  that  will  frequently 
prevail  there.  Available  Supply  of  Water. 

On  the  Isthmus  of  Panama  the  meteorological  year  can  be  generally 
divided  into  two  seasons : 

The  "wet  season,"  lasting  from  7  to  9  months ;  and 
The  "dry  season,"  lasting  from  3  to  5  months. 

On  the  Atlantic  side  of  the  Canal  Zone,  during  the  "wet  season," 
the  rainfall  is  always  abundant,  producing  an  average  annual  flow  of 
from  8  000  to  14  000  cu.  ft.  per  sec.  for  the  region  under  discussion; 
but,  during  the  3  to  5  months  of  "dry  weather,"  the  rains  in  that 
locality  cease  almost  completely,  and  then  the  average  discharge  of  all 
the  streams  that  can  empty  into  the  proposed  high-level  lake  at  Gatun 
will  rarely  exceed  1 100  cu.  ft.  per  sec.  in  dry  years. 

TAELE  1. — Kainfall  in  the  Canal  Zone,  for  the  Year  1908, 

IN  Inches. 
This   table   shows   an   actual   dry   season   of  more  than   150   days 
(5  months) ;  but,  in  the  computations,  a  dry  season  of  only  120  days 
has  been  considered. 


At  Empire. 

At  Culebra. 

At  Chagres. 

At  Rio  Grande. 

Average. 

Months. 

Wet. 

Dry. 

Wet. 

Dry. 

Wet. 

Dry. 

Wet. 

Dry. 

Dry. 

July,  '07 

9.85 
11.28 
10.86 
15.44 
10.40 

■'i!47" 
0.75 
0.00 
0.41 
1.36 

9.42 
11.81 
11.36 
15.27 

6.91 

■■i2'.83' 
8.86 

"2]36" 
0.91 
0.01 
0.13 
1.67 

9.60 
12.20 
14.71 
13.62 

9.85 

"i3A8 
6.55 

September 

October 

November 

2.26 
0.20 
0.11 
0.41 
1.81 

1.66 
1.53 
0.00 
0.03 
0.26 

jHnU-ciry,  '08  . . . 

0.847 

Februarv. 

0.030 

March       

0.245 

April     

1.275 

12.91 
8.21 

Totals 

78.95 

3.99 

76.26 

5.02 

79.71 

4.79 

3.48 

0.599 

Table  1,  showing  the  rainfall  in  that  central  district  of  the  Canal 
Zone,  has  been  computed  from  last  year's  report  of  the  Isthmian  Canal 
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Commission.  It  gives  at  a  glance  a  clear  idea  of  these  variations  in 
the  only  source  of  v^^ater  supply  in  that  locality. 

Kecords  of  observations  covering  a  period  of  more  than  20  years 
give  the  average  annual  supply  available  for  Gatun  Lake  as  8  200  cu.  ft. 
per  sec.  in  dry  years,  and  a  dry-season  average  of  1  200  cu.  ft.  per  sec. 
for  all  the  region  above  Gatun. 

In  1903,  one  of  the  driest  years,  the  discharge  at  Bohio  was  as 

follows : 

In  February,  1  024  cu.  ft.  per  sec. 

In  March,      \   63G   "     "     '^     " 

In  April,  565   "    "     "     " 

averaging  only  742  cu.  ft.  per  sec,  and  it  has  been  calculated  that 
the  total  available  water  supply  for  one  year  in  the  driest  years,  for 
the  whole  region  under  discussion  may  be  only  about  6  000  cu.  ft. 
per  sec.  as  the  average  for  such  a  dry  year. 

For  some  of  these  figures  on  hydraulics  the  writer  is  indebted  to 
the  remarkably  complete  work  of  Brig.-Gen.  Henry  L.  Abbot,  on  the 
"Problems  of  the  Panama  Canal." 

Storage  of  Water. — To  overcome  the  difficulty  due  to  this  scarcity 
of  water  during  the  dry  season,  the  designers  of  the  Lock-Canal  system 
propose  to  impound  and  store  in  an  artificial  reservoir,  from  the  surplus 
of  the  wet-season  discharge,  a  volume  of  water  sufficient  for  all  the 
needs  of  the  Canal  during  the  ensuing  dry  period. 

For  this  purpose  a  lake  is  to  be  created  at  Gatun,  with  an  area 
of  more  than  lYO  sq.  miles,  at  an  elevation  of  85  ft.  above  the  sea.  A 
fluctuation  of  7  ft.  in  the  level  of  that  lake  would  give — during  the 
dry  season — an  available  lake  storage  of  2  ft.  above  and  5  ft.  below 
the  normal  working  level  of  the  locks  to  be  fed  by  it. 

On  a  mean  area  of  160  sq.  miles,  the  volume  of  water  thus  stored 
would  be  31  223  708  000  cu.  ft. 

This  quantity,  helped  by  1  000  cu.  ft.  per  sec. — the  average  daily 
contribution  of  all  the  tributary  streams  discharging  into  the  lake 
during  the  dry  season — will  be  the  only  supply  from  which  the  Lock 
Canal  is  to  be  operated,  and  is  thought,  by  its  designers,  to  be  sufficient 
for  all  its  needs  during  the  100  or  more  days  of  water  scarcity. 

It  is  perhaps  better  to  quote  here  the  exact  words  of  the  engineers 
who  reported  on  this  important  matter  to  President  Eoosevelt,  on 
February  17th,  1909. 
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"It  is  proposed  to  fill  this  lake  (Gatun)  during  the  rainy  season 
2  feet  above  its  normal  level,  and  to  draw  it  as  needed  during  the  dry 
season.  It  is  computed,  that  by  drawing  it  5  feet  below  normal  level, 
which  draft  would  leave  40  feet  of  water  through  Culebra  cut,  the 
supply  in  a  dry  year  would  be  sufficient  to  serve  from  30  to  40  lockages 
up  and  an  equal  number  of  lockages  down  daily.  Each  lockage  might 
consist  of  a  single  large  vessel,  or  a  fleet  of  smaller  vessels  capable  of 
being  in  the  lock  at  one  time.  *  *  *  The  water  supply  in  sight  is 
so  much  greater  than  any  need  that  can  be  reasonably  anticipated  that 
the  best  method  of  securing  more  water  when  the  time  of  need  arrives 
does  not  require  to  be  considered  now."* 

The  writer,  however,  applying  to  this  problem  the  same  study  that 
would  be  required  if  it  was  a  commercial  proposition,  believes  that, 
under  the  conditions  existing,  or  possible,  at  Panama,  the  volume  of 
water  thus  stored  in  the  lake  will  prove  to  be  insufficient  for  the 
demands  of  the  Lock  Canal  when  its  service  reaches  the  duty  specified 
by  its  engineers  in  the  words  above  quoted. 

To  ascertain  this,  within  the  limits  of  an  approximate,  but  safe,  esti- 
mate, the  following  computations  are  submitted. 

Consumption  of  Water. 

In  a  system  of  locks  fed  by  an  artificial  storage  reservoir,  under 
the  conditions  proposed  for  the  Lock  Canal,  the  supply  of  water  must 
be  sufficient  to  provide  for: 

I.     Surface  evaporation, 
11.     Border  evaporation  or  "fly-off," 

III.  Percolation  through  the  bottom  and  sides  of  the  reservoir, 

IV.  Water  needed  for  lockages, 

V.     Normal  waste,  contingent  to  lockages, 
VI.     Water    used    for    hydro-electric    plants,    at    Gatun    and 
Miraflores, 
VII.     Losses  due  to  leakage  at  gates  and  valves, 
VIII.     Water  wasted  by  maintenance  operations, 
IX.     Losses  due  to  false  maneuvers  and  accidents, 

X.     Losses  of  water  at  spillways  and  regulating  gates, 
XI.     Miscellaneous  losses,   local   consumption,  etc. 
7. — Surface  Evaporation. — It  is  well  known  that  surface  evapora- 
tion from  water  exposed  in  the  open  takes  place  at  all  times ;  but  those 
who  have  had   to  economize  water  in   regions   where  this   industrial 


*  Report  of  Board  of  Engineers,  Feb.  17th,  1909,  Document  1458,  p.  10. 
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element  is  scarce,  will  remember  what  a  persistent  consumer  evapora- 
tion is,  and  how  difficult  it  is  to  measure  accurately  its  activities  on  a 
large  reservoir. 

The  "evaporating  pans,"  "atmometers,"  "evaporimeters,"  and  other 
instruments  of  small  size  that  are  generally  used  to  gauge  daily 
evaporation  are,  to  say  the  least,  extremely  inaccurate,  in  practice.  Any 
number  of  them  distributed  at  various  stations  in  a  territory  covering 
many  square  miles  will  not  show,  on  a  given  day,  the  same  reading; 
and  their  average  will  not  give  the  actual  evaporation  on  a  lake  that 
would  cover  that  same  territory.  This  is  due  to  the  different  way  in 
which  the  wind,  temperature,  and  other  meteorological  elements  will 
affect  the  convex,  rippled  surface  of  a  large  lake,  or  the  small,  con- 
fined area  of  an  instrument.  On  bright,  windy  days  the  difference  may 
amount  to  25  or  30%  in  favor  of  the  larger  surface  because  the  action 
of  the  wind  affects  the  results  more  than  the  other  causes. 

In  the  tropics,  under  conditions  quite  similar  to  those  at  Panama,  the 
writer  has  found  surface  evaporation  during  the  "dry  season"  to  vary 
from  0.22  to  0.44  in.,  according  to  the  month,  the  temperature  of  the 
air  and  water,  the  altitude,  the  barometric  conditions,  the  degree  of 
humidity,  the  prevalence  of  winds  and  fogs,  the  extension  of  the  sur- 
face, and  the  surrounding  locality,  it  being  at  the  highest  either  in 
February  or  March.  In  these  months,  on  certain  warm  days  when  the 
moisture  in  the  air  is  very  high,  evaporation  is  much  reduced  during 
the  hours  of  calm;  but  it  increases  rapidly  as  soon  as  the  tropical 
breezes  start,  reaching  sometimes  as  much  as  0.75  in.  on  very  windy, 
clear  days. 

In  the  Gatun  district,  on  account  of  the  exposed  condition  of  the 
"Zone,"  the  air  currents  are  strong  and  quite  constant,  with  breezes 
frequently  attaining  a  velocity  of  from  8  to  10  and  even  32  miles 
per  hour. 

Under  such  conditions,  a  large  lake,  with  more  than  170  sq.  miles 
of  warm,  shallow  waters,  swept  by  such  breezes,  and  exposed  to  the  heat 
of  a  tropical  sun  (125°  to  130°  in  the  sun)  will  certainly  have  a  very 
high  rate  of  evaporation.  And  when  it  is  considered  that  the  ripples 
formed  by  the  wind  on  the  surface  of  such  a  vast  sheet  of  water  will 
increase  immensely  its  effective  evaporative  area,  it  will  be  seen  that 
the  actual  loss  on  the  lake  can  be  considerably  more  than  what  would 
be  shown  by  instruments  of  small  area. 
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It  must  be  remembered,  however,  that  in  the  tropics,  the  large 
amount  of  water  evaporated  from  a  lake  by  the  combined  action  of  the 
sun  and  wind,  will  produce  at  times,  in  the  hours  of  calm, 
dense  fogs  during  which  very  little  evaporation  will  take  place. 
Though  such  fogs,  of  course,  will  be  more  frequent  in  the  rainy  season, 
it  is  well  to  anticipate  at  least  a  total  of  200  or  300  hours  of  them 
during  the  strictly  dry  months.  This  will  decrease  the  total  evapora- 
tion by  about  8  or  10% ;  not  enough,  however,  to  counteract  the  influ- 
ence of  the  wind,  leaving  the  average  daily  loss  still  above  what  experi- 
mental instruments  of  small  diameter  may  show,  at  various  stations. 

For  these  reasons  the  writer  believes  that  the  actual  daily  loss  of 
water  by  surface  evaporation,  if  it  could  be  measured  accurately  on 
the  lake,  would  be  found  to  be  much  larger  than  what  has  been  assumed 
as  an  average  for  Lake  Gatun,  and  nearer  the  following  figures: 

For  December 0.10  to  0.15  in. 

January 0.25 

February 0.29 

March 0.30 

April 0.24 

May 0.10  to  0.12 

The  average  is  from  0.24  to  0.246  for  the  five  months  of  dry  weather. 

When  comparing  these  figures  with  others,  it  is  well  to  remember 
that  in  Tables  4  and  6  the  actual  rainfall  on  the  lake  is  deducted  for 
each  month ;  and  will  reduce  correspondingly  the  above  apparently  high 
figures. 

The  writer  believes  that  the  system  of  calculating  the  evaporation 
on  a  reservoir  of  varying  surface,  by  multiplying  its  area  by  the 
average  daily  evaporation  of  the  whole  year,  may  produce  errors  which 
may  be  of  importance  in  some  localities,  when  only  the  dry  season  is 
being  studied. 

//. — Border  Evaporation. — The  lowering  of  Lake  Gatun's  level 
from  high  to  low  water,  in  every  dry  season,  will  uncover  an  area  of 
land  measuring  more  than  100  sq.  miles. 

Under  ordinary  conditions,  if  these  "border  lands"  remain  covered 
with  the  vegetation  which  usually  grows  on  river  sides  in  the  tropics, 
and  are  kept  moist,  as  they  will  be,  by  capillarity  and  by  the  constant 
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fluctuations  of  the  water's  edge,  due  to  the  wind,  waves,  and  other 
causes;  this  "fly-off,"  as  it  is  termed  in  the  West,  from  these  moist 
borders  may  reach  a  considerable  amount  per  day  on  the  827  miles 
of  shore  of  that  lake,  at  the  temperature  which  the  thermometer  will 
register  there  in  the  sun. 

After  due  allowance  for  drainage,  run-off,  etc.,  the  water  evaporated 
by  this  daily  uncovering  of  shores  and  low  lands,  may  be  estimated  at 
30  cu.  ft.  per  sec. 

This,  distributed  on  the  lake,  will  be: 

For  the  1st  month,  160  sq.  miles 0.0066  in. 

"  "     2d        "       140     "       "     0.0076  " 

"  "     3d         "       120     "       "     0.0088  " 

"  "     4th       "       100     "       " 0.0104  " 

///. — Percolation. — When  a  deep  storage  reservoir  is  formed  on 
natural  ground,  there  is  usually  quite  a  loss  of  water  by  percolation 
through  its  bottom  and  sides. 

This  "seepage"  depends  principally  on  the  porosity  of  the  soil;  the 
number  of  seams  and  fissures  (if  any)  ;  the  depth  of  the  water ;  its  tem- 
perature; the  surrounding  locality;  the  geological  conditions,  etc.  It 
may  vary,  in  ordinary  canals  and  ponds,  from  1  to  4  or  more  inches 
per  day,  measured  as  a  lowering  of  the  water  level. 

In  a  large  reservoir  like  the  one  proposed  at  Gatun,  with  more  than 
200  sq.  miles  of  wetted  area,  in  a  region  showing  varied  geological 
formations  and  a  basin  of  natural  soil,  covered  in  part  with  tropical 
vegetation,  it  is  more  than  prudent  to  admit  that  a  measurable  percola- 
tion is  possible  and  quite  probable. 

Unless  the  whole  200  sq.  miles  of  that  valley  be  stripped  and 
examined,  this  probable  percolation  cannot  be  estimated  in  advance, 
even  approximately.  Unless  every  square  foot  of  that  vast  area  is  made 
impervious  by  artificial  means,  the  loss  of  water  by  seepage  cannot  be 
authoritatively  dismissed  as  "an  impossibility."  It  can  only  be  guessed 
at  now,  and  will  be  ascertained  only  after  the  lake  is  filled.  Mean- 
while, the  question  of  the  possibility  of  an  appreciable  amount  oi 
percolation  through  that  immense  lake  bed  will  remain  as  one  of  the 
most  serious  risks  in  a  matter  upon  which  depends  the  ultimate  cost 
and  perhaps  the  success  of  the  whole  Lock-Canal  proposition. 

Under  the  circumstances,  the  writer  believes  that  a  margin  of  safety 
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ought  to  be  assumed  against  such  risks,  and  that  it  should  be  duly 
proportionate  to  the  importance  of  the  results  at  issue. 

In  the  absence  of  experimental  data  especially  applicable  to  the 
whole  lake  basin,  an  assumption  could  be  based  on  the  following 
tentative  elements: 

a. — Infiltration  area  of  the  lake  bed  over  200  sq.  miles  at  high  water ; 

h. — Depth  of  water,  85  ft.  at  high  water  and  shallower  at  the 
contours ; 

c. — Top  soil  covering  naturally  thicker  and  more  impervious  in  the 
lower  parts  of  the  bed  than  in  the  higher  regions  above  Bohio  and  at 
the  sides  of  the  basin; 

d. — Temperature  of  the  stagnant  waters  in  the  lake  above  90°  Fahr. 
in  the  shallow  parts  and  about  82°  Falir.  in  the  deeper  bottoms; 

e. — That  the  foregoing  elements  are  about  compensating,  leaving  the 
loss  of  water  nearly  proportionate  to  the  head,  and  depending  on  un- 
known subsoil  conditions; 

f. — That  joints,  seams,  and  fissures  are  generally  abundant  in  sand- 
stones, conglomerates,  and  other  rocks  like  those  found  in  the  Canal 
Zone. 

g. — That  the  absence  of  permanent  lakes  and  springs  in  the  whole 
region  strongly  indicates  either  good  drainage  or  amiile  underground 
communication  with  water-absorbing  substrata. 

Under  such  assumptions,  the  writer  would  consider  the  empiric  rule, 
n  X  0.01,  or  0.01  in.  per  foot  of  head,  a  prudent  one  on  which  to  base 
a  preliminary  computation.  This,  owing  to  the  ever  decreasing  head 
of  the  water  in  the  lake,  would  give,  during  a  dry  season,  the  following 
probable  depressions: 

For  the  1st  month 0.4750  in. 

"  "  2d       "      0.4450    " 

"  "  3d       "      0.4150    " 

"  "  4th      "      0.3770    " 

To  many,  these  figures  will  appear  high,  and  it  is  hoped  that  they 
will  prove  to  be  too  high;  but,  without  accurate  data  to  the  con- 
trary, there  is  no  competent  authority  to  declare  them  so  in  advance. 
It  is  altogether  a  question  of  judgment  as  to  the  amount  of  risk  to  be 
taken. 

To  prove,  however,  that  these  figures  are  based  on  elements   that 


WATER    SUPPLY    FOR    THE    LOCK    CANAL    AT    PANAMA  73 

deserve  some  consideration,  the  following  data,  published  in  The  Canal 
Record  for  1908  and  in  the  Isthmian  Canal  Reports,  may  be  interesting 
if  not  convincing: 

"Leaks  in  the  Camacho  Reservoir  (near  Empire  in  the  Canal 
Zone). 

"Leaks  in  Camacho  Reservoir  near  Empire  have  made  it  necessary 
to  draw  the  water  from  Elevation  358  to  340  (18  ft.)  in  order  that  the 
fissures  in  the  trap  rock  of  the  side  hills  may  be  filled  with  clay.  It  has 
been  ascertained  that  the  leaks  are  through  the  side  hills  and  that  the 
dam  is  in  no  way  affected."* 

TABLE  2. 
Seepage  from  Some  Well-Known  Canals.! 

Loss  of  level, 
per  day. 

Chesapeake    Canal 6.04  in. 

Chenango    Canal 5.00  " 

Erie    Canal 5.00  " 

Morris    Canal 8.50  " 

Delaware  and  Raritan  Canal 8.50  " 

Canal  du  Languedoc 2. 70  " 

Canal  "Naviglio  Ide" 10.80  " 

Canal  "Martesana" 18.00  " 

Hoover  ditch,  Colorado 14.40  " 

Kings  River  and  Fresno 20.04  " 

Fort  Morgan,   Colorado 60.00  " 

From  the  report  of  the  very  able  engineer  in  charge  of  the  seepage 
experiments  for  the  foundations  of  the  dam  at  Gatun,  the  following 
data  are  also  obtained: 

"Some  of  the  rocks  (in  the  Gatun  Valley)  are  of  open  texture  and 
permit  the  flow  of  water"  (page  127). 

"The  principal  water-bearing  medium  seems  to  be  the  joints  and 
seams  which  cut  through  the  various  strata  and  allow  the  passage  of 
large  quantities  of  water"  (page  127). 

"The  material  has  well-defined  joint  planes  and  seams  through 
which  water  passes  with  velocity  enough  to  throw  the  stream  from  1  ft. 
to  IJ  ft.  into  the  opening"  (page  165). 

The  same  authority,  as  a  result  of  most  interesting  and  carefully 
made  experiments,  gives  the  seepage  flow  through  the  Gatun  soils 
experimented  upon,  and  these  are  collated  in  Table  3. 

*  The  Canal  Record,  Vol.  I,  p.  402. 

t  Report,  Isthmian  Canal  Commission,  1908,  p.  196, 
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TABLE  3. — Seepage  Velocity  in  Gatun  Soils. 


For  clay  on  10  ft.  head 

For  soft  sandy  rock 

For  clay  and  sand 

Averaging  for  the  three 

For  clay  and  sand,  8}^  ft.  head 

For  clay  and  sand,  85  ft.  head 

(The  greatest  velocity  obtained  with  34  tests,  under  10  ft.  head) 

Blue  sandy  clay,  1 15.3  head 

Blue  sandy  clay,  calculated  on  84.5  ft.  head 

Stiff  blue  clay,  calculated  on  84.5  ft.  head 

Average  of  these  two  on  84.5  ft.  head 


Feet  per 

Inches 

second. 

per  day. 

0.000028 

29 

0.000045 

46 

0.00U083 

86 

0.000052 

54 

0.000070 

73 

0.000705 

731 

0.000450 

466 

0.0001^3 

200 

0.000014 

14 

0.000002 

2 

0.000008 

8 

The  figures*  in  Table  3  prove  that  all  the  overlying  soils  and 
materials  experimented  upon  are  sufficiently  permeable  to  allow  more 
than  usual  percolation. 

With  such  materials,  the  quantity  of  water  which  can  disappear 
through  the  bottom  and  sides  of  that  lake  will  evidently  depend  on  the 
underlying  strata  and  substrata,  their  thickness,  hydraulic  gradients, 
the  presence  of  fissures,  etc.,  etc.  Many  of  these  elements  are  now  un- 
known, and  many  are  still  under  investigation;  but  the  testimony 
taken  on  this  matter — in  connection  with  the  foundations  for  the  locks 
— tends  to  prove  the  existence  in  that  locality  of  substrata  through 
which  there  is  a  slow  but  regular  flow  of  water  toward  the  sea. 

In  a  bed  of  rock  or  conglomerate  formation  that  geologists  claim 
has  been  disturbed  three  times,  there  might  be  more  than  joints  and 
seams,  perhaps  fissures  and  crevices,  through  which  the  impounded 
lake  waters  may  get  egress  and  slowly  flow  toward  the  ocean,  as  they 
did  in  the  Camacho  Reservoir. 

In  ordinary  cases,  when  dealing  with  a  reservoir  having  an  ample 
"replenishing  supply"  to  draw  from,  this  matter  would  not  be  so 
important;  but  in  Gatun  Lake,  all  the  inflow  during  the  dry  season, 
amounting  to  only  0.25  in.  per  day,  is  scarcely  enough  to  keep  up 
with  the  evaporation  loss  alone.  Any  additional  loss  becomes  a  direct 
draft  from  the  stored  supply  and  is  irremediable  until  the  next  rainy 
season. 

IV. — Water  Needed  for  Lockages. — The  conditions  under  which  the 
Lock  Canal  is  to  be  operated,  according  to  the  proposed  plans,  are: 


*  Report,  Isthmian  Canal  Commission,  1908,  p.  134. 
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The  locks  are  to  be  110  ft.  wide,  with  the  length  necessary  to 
admit  vessels  1  000  ft.  long. 

Those  at  Gatun  are  to  be  in  flights  of  three,  with  an  average  lift 
of  28 J  ft. ;  those  at  Pedro  Miguel  are  to  have  a  lift  of  from  30  to  32  ft. ; 
and  those  at  Miraflores  are  to  be  in  a  flight  of  two,  with  lifts  of  30  and 
40  ft. 

These  locks  will  be  in  duplicate,  making  twelve  chambers  in  all. 
Those  on  one  side  are  to  be  used  for  vessels  going  in  one  direction; 
those  on  the  other  side  for  vessels  going  in  the  other,  or  by  "double- 
track  navigation." 

All  craft  are  to  be  moved  in  and  out  of  the  locks  by  special  appli- 
ances, and  will  not  be  permitted  to  use  their  own  motive  power. 

No  restrictions  which  would  cause  delay  to  boats,  such  as  parking, 
classifying,  etc.,  will  be  enforced  for  the  regulation  of  traffic  through 
the  locks. 

Safety  appliances  will  be  used  at  every  lockage,  both  for  entering 
and  leaving. 

It  is  understood  that  no  other  sources  of  water  supply  than  those 
now  planned,  are  to  be  used,  and  that  the  two-flight  locks  at  Miraflores 
will  have  no  other  source  of  water  supply,  during  the  dry  season,  than 
the  tailings  from  the  Pedro  Miguel  locks  on  the  lake  above. 

If  additional  reservoirs  at  Alhajuela  or  other  points  in  the  catch- 
ment basin  are  established  later,  or  pumping  stations  are  installed  to 
refill  the  lake  from  the  sea-level  sections,  they  will  modify  the  condi- 
tions of  the  problem.  Not  having  been  included  in  the  proposed  plans 
and  estimates,  these  improvements  are  not  considered  in  the  writer's 
calculations. 

Theoretical  ''Lockage  Water'  Consumption. — The  exact  volume  of 
water  needed  for  one  lockage,  under  any  given  condition,  can  be  com- 
puted with  accuracy;  but,  in  practice,  it  will  vary  considerably  with 
the  operating  circumstances,  the  working  level  of  the  lake,  the  tides,  etc. 

The  theoretical  lockage  volume  for  the  upper  three-flight  locks  at 
Lake  Gatun  at  the  85-ft.  level  is  as  follows : 

Gatun  upper  lock 28.33  ft.  lift.  ...  3  614  908  cu.  ft. 

Pedro    Miguel 30        "     "....3828000 


U         <i 


Total  volume  at  normal  85  ft 7  442  908  cu.  ft. 
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These  figures  do  not  include  any  "extras"  for  the  normal  waste 
incidental  to  the  operation  of  locks,  irregularity  of  service,  leakage  at 
gates,  valves,  etc.,  nor  any  correcting  coefficient  for  the  larger  consump- 
tion of  the  "three-flight"  locks. 

If  this  coefficient  be  applied  for  the  Gatun  locks,  the  volume  for 
one  single  passage  through  the  lake,  in  one  direction,  would  be : 

For  Gatun  Locks 4  518  635  cu.  ft. 

For   Pedro   Miguel 3  828  000  "    " 


8  346  635  cu.  ft. 

If  the  intermediate  600-ft.  chambers  could  be  used  at  Pedro  Miguel 
at  every  lockage,  the  volume  for  one  lockage  would  be: 

For  Gatun  Locks,  as  above 4  518  635  cu.  ft. 

For  Pedro  Miguel  Lock 2  508  000  "    " 

For  one  lockage 7  026  635  cu.  ft. 

But  the  2  508  000  cu.  ft.  then  used  by  the  Pedro  Miguel  Locks  will  not 
yield  "tailings"  enough  for  the  3  828  000  cu.  ft.  needed  by  the  "two- 
flight  locks"  at  Miraflores  when  these  are  used  full,  nor  even  for  the 
3  062  400  cu.  ft.  required  if  they  could  also  be  operated  with  the  inter- 
mediate gates  for  part  of  the  time. 

Assuming  this,  however,  to  be  obtainable  sometimes,  the  lowest 
consumption  that  could  then  be  shown  would  be: 

For  Gatun  Locks,  as  above 4  518  635  cu.  ft. 

For  Pedro  Miguel  (using  enough  water  to 
feed  the  Miraflores  Locks,  with  these 
working  75%  at  intermediate  cham- 
bers)      3  062  400  "    " 

Minimum  volume  for  one  trip 7  581  035  cu.  ft. 

As  it  may  be  claimed,  however,  that  great  economy  of  water  can  be 
obtained  by  reducing  the  coefficient  of  the  "three-flight  locks"  and  by 
using  the  Miraflores  locks  at  intermediate  gates  for  75%  of  their  lock- 
ages, particularly  during  the  first  years  of  operations,  it  is  well  to 
know  what  would  be  the  results  under  such  exceptionally  propitious 
conditions : 
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Assuming,  then,  that  favorable  circumstances  would  permit  the  re- 
duction of  the  lockage  coefficient  of  the  Gatun  locks  to,  say,  only  1.08, 
the  figure  adopted  by  Gen.  Abbot,  the  lockage  water  will  measure: 

For  Gatun  Locks say  3  904  100  cu.  ft. 

For  Pedro  Miguel  Locks,  using  the  vol- 
ume necessary  to  operate  the  Mira- 
flores  Locks   at  75% 3  062  400  "    " 


Total  for  one  lockage  going  to  Panama . .   6  966  500  cu.  ft. 

The  use  of  the  intermediate  gates,  however,  will  be  objectionable  in 
daily  practice,  on  account  of  the  great  number  of  safety  appliances  to 
be  used  for  each  craft  at  each  lock,  and  the  necessity  of  moving  all 
vessels  at  extremely  slow  speed  by  electric  capstans,  cables,  etc.,  instead 
of  by  their  own  power.  Owing  to  the  diversity  of  operating  conditions 
in  these  series  of  locks,  it  is  probable  that  better  service  will  be 
obtained  if  full  lockages  are  taken  with  several  vessels  in  fleet  at  one 
time,  instead  of  using  the  intermediate  gates  for  each  craft. 

In  considering  the  capacity  of  the  Canal,  the  average  number  of 
lockages  assumed  is  20  trips  in  one  direction  through  one  set  of  locks 
and  20  trips  in  the  other  through  the  other  set,  with  a  consumption  of 
333  865  400  cu.  ft.  in  24  hours.  It  is  assumed  that  any  reduction  of 
service  in  one  day  will  be  made  up  on  other  days. 

The  drawing  of  that  amount  of  water  from  a  lake  having,  say,  160 
sq.  miles  of  surface  (the  mean  area  for  the  first  month),  will  produce  a 
lowering  of  its  level  amounting  to  0.900  in.  per  day. 

As  this  daily  volume  is  constant,  and  the  net  area  of  the  lake  will 
diminish  every  day,  owing  to  the  lowering  of  its  level,  and  by  the 
uncovering  of  islands,  slopes,  etc.,  the  depth  of  water  lowered  every 
day — or  the  daily  depression  of  the  surface — will  increase  inversely, 
giving  the  following  average  daily  depressions : 

For  1st  month,  mean  area  of  lake  160  sq.  miles.  . .  .0.900  in. 

«     2d  "  "  "         "     140         "       .  ...1.0285  " 

«     3d  "  "  "         "     120  "        1.200  " 

"     4th        "  "  "         "     100  "        1.440  " 

These  are  the  theoretical  depressions  for  "lockage  water"  only.  In 
practice,   they   will   be   exceeded   considerably.     They   may   also    vary 
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somewhat  with  changes  in  the  mean  areas  of  the  lake,  taken  here  in 
round  numbers,  as  shown. 

V. — Normal  Waste  of  Water  During  Lockages. — With  the  three 
different  kinds  of  locks  that  will  be  used  in  the  Lock  Canal,  viz.,  the 
three-flight  locks  of  from  28^  to  31-ft.  lift  at  one  entrance  of  the  lake; 
a  30  to  32-ft.  single-lift  lock  at  the  other,  followed  by  a  35-ft.  two- 
flight  lock  depending  on  it  for  its  water  supply,  it  is  easy  to  imagine 
more  than  twenty  different  combinations  of  conditions  which  can  affect 
the  quantity  of  water  consumed  by  the  passing  of  a  certain  number  of 
vessels,  as  the  following  few  examples  will  show : 

Let  L  =  the  net  contents  of  the  lock  chamber,  in  cubic  feet, 
and  B  =  the  displacement  of  a  vessel  in  the  lock,  in  cubic  feet. 

Then,  if,  at  the  Gatun  Locks,  for  an  ascending  vessel,  the  lock  is 
found  empty,  the  lockage  will  cost  S  L  -\-  B  cubic  feet;  if  the  lock 
is  found  full,  the  volume  of  water  used  will  be  only  L  +  B  cubic  feet, 
showing  a  possible  variation  from  single  to  double. 

These  Gatun  Locks  (being  in  a  flight  of  three,  without  lateral  reser- 
voirs), will  not  permit  advantage  being  taken  of  any  occasional  favor- 
able operating  conditions;  and,  in  passing  a  vessel  through  them,  cir- 
cumstances may  even  combine  to  compel  an  extra  waste  of  water  which 
could  be  avoided  if  they  were  "single  locks." 

At  the  one-flight  lock  of  Pedro  Miguel,  the  water  used  by  vessels 
passing  in  train  through  one  lock  and  returning  by  the  other,  will  be 
considerably  more  than  would  otherwise  be  needed,  if  said  vessels  could 
pass  ascending  and  descending,  alternately. 

In  other  waterways,  great  economy  of  water  could  be  obtained  in 
single  locks,  like  those  at  Pedro  Miguel,  by  the  use  of  their  inter- 
mediate locks  and  also  when  the  level  of  the  lake  lowers;  but  in  the 
Lock  Canal,  as  designed,  if  such  economies  were  attempted  at  Pedro 
Miguel,  the  "tailings"  from  its  locks  would  not  be  suflficient  for  the 
supply  of  the  two-flight  locks  at  Miraflores;  additional  water  to  com- 
plete the  consumption  of  these  would  have  to  be  furnished,  either  from 
other  sources,  or  direct  from  Lake  Gatun. 

This  explains  why  no  reductions  are  made  for  the  lowering  of  the 
lake,  nor  for  the  use  of  intermediate  gates  at  Pedro  Miguel,  in  the 
preceding  computations. 

The   foregoing   few    examples    show   how   important   the   "normal 
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waste'^  can  be,  and  how  it  depends  on  varying  conditions  against  which 
provision  must  be  made.  It  is  true  that,  by  strict  regulations,  measures 
may  be  taken  to  reduce  this  waste  somewhat,  but  such  a  course  will  pro- 
duce annoying  delays  and  will  be  a  serious  obstacle  to  free  and  rapid 
navigation.  In  a  commercial  canal,  open  to  the  world's  traffic,  it  will  be 
impracticable  to  regulate  transit  so  as  to  secure  always  the  best  condi- 
tions for  economy  of  water,  and  some  will  have  to  be  sacrificed  in  order 
to  save  time  or  obtain  the  number  of  lockages  desired. 

Under  the  conditions  above  analyzed,  and  probable  in  the  Canal 
Zone,  the  efficiency  of  the  system  may  vary  the  waste  from  10  to  25 
per  cent. 

Supposing  that  by  good  management  and  perfect  regulation  of  the 
passage  of  vessels,  the  "lockage  waste"  is  reduced  to  only  6.66%,  the 
average  daily  depression  of  the  lake  surface,  by  this  normal  waste 
would  be: 

For  the  1st  month,  0.0856  in. 
"        2d        "        0.0978    " 
"        3d        "        0.1141    " 
"       4th     "       0.1370    " 

It  might  be  argued  that,  by  having  a  smaller  number  of  lockages  a 
day,  much  water  could  be  saved;  but  this  will  reduce  accordingly  the 
total  capacity  of  the  Canal,  bringing  it  below  the  already  too  small 
number  of  "20  lockages  a  day,"  here  assumed. 

The  writer  believes  that  a  great  tonnage  will  pass  through  the 
Isthmus,  not  only  from  other  nations  but  from  our  own  inter-coastal 
commerce  with  our  Pacific  shores  and  with  the  Orient.  He  believes 
that  the  Lock  Canal  in  the  very  immediate  future  will  be  insufficient 
for  the  demands  that  will  be  made  upon  it;  that  maximum  full  lock- 
ages with  as  many  vessels  crowded  in  the  locks  as  safety  will  permit, 
are  the  conditions  for  which  to  look  forward. 

If  the  necessity  of  saving  water  does  not  permit  the  use  of  the  locks 
whenever  and  however  needed,  without  imposing  annoying  delays  and 
regulations,  then  the  system  is  insufficient  and  per  se  inadequate  for 
the  requirements  of  our  commerce,  of  the  navy,  and  of  the  world  at 
large. 

YI^— Water  Used  for  Hydro-Electric  Plants.— The  power  needed  to 
operate  the  twelve  locks;   to  move  vessels  "in  and  out."  of  locks  by 
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electric  capstans;  to  control  mechanically  the  many  appliances  com- 
posing said  plants;  and  to  light  the  canal,  will  vary  considerably,  ac- 
cording to  the  designs  adopted,  many  of  which  are  still  under  study. 

It  is  intended  to  use  about  6  000  h.p. ;  part  of  it  to  be  developed  at 
Gatun  and  part  at  Miraflores.  It  is  probable,  however,  that  lack  of 
water  will  suggest  serious  alterations  in  these  plans.  Mature  considera- 
tion of  this  question  will  prove  the  necessity  of  either  reducing  the 
hydro-electric  plant  and  locating  it  all  at  Gatun  or  using  steam  power, 
unless  a  dam  is  built  at  Alhajuela  or  other  places  to  store  more  water 
and  incidentally  produce  the  power. 

Assuming  that  3  200  h.p.  are  to  be  developed  at  Gatun,  the  volume 
of  water  consumed  under  an  average  head  of  72  ft.  will  be  533  cu.  ft. 
per  sec. 

The  lack  of  water  at  Miraflores  and  the  irregularities  of  head  due 
to  tides,  etc.,  will  make  the  production  of  electricity  at  that  spot  very 
uneconomical,  as  the  water  will  have  to  be  furnished  from  the  lake,  and 
the  head  available  will  average  only  50  ft.  The  production  of  2  800 
h.p.,  under  such  conditions,  will  imply  a  consumption  of  667  cu.  ft.  per 
sec,  bringing  the  total  water  used  by  the  hydro-electric  plants,  for  net 
power  only,  to  1  200  cu.  ft.  per  sec. ;  this  is  without  including  the  usual 
allowances  for  waste. 

In  Tables  4  and  6  the  two  plants  are  shown  separately,  with  a  total 
consumption  of  1  200  cu.  ft.  per  sec. 

The  resulting  lake  depressions  for  each  pumping  station  will  be: 

For  the  1st  month,  0.1392  in. 
"        2d       "        0.1591    " 
"       3d       "        0.1856    " 
"       4th      "        0.2227   " 

With  a  dam  at  Alhajuela,  this  item  would  disappear  from  the  Lake 
Gatun  budget,  while  additional  storage  would  be  secured,  without 
increasing  the  high-water  level  on  the  lake,  and  the  corresponding 
"operating  oscillations,"  which  are  already  too  great  for  safe  and 
convenient  handling  of  craft  in  the  locks. 

VIL — Losses  Due  to  Leakage  at  Gates  and  Valves. — The  gates  and 
valves  in  the  proposed  locks  will  have  dimensions  never  before  attained 
in  lock  construction. 

The  steel  gates  will  have  leaves  more  than  80  ft.  high  and  65  ft. 
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wide,  weighing  perhaps  500  tons  each.  The  locks  on  Lake  Gatun  will 
have  44  of  such  leaves,  and  more  than  80  operating  valves  exceeding 
perhaps  10  ft.  in  diameter,  with  their  corresponding  seats  and  joints 
under  pressure. 

It  will  be  almost  impossible,  in  practice,  to  keep  such  ponderous 
appliances  absolutely  tight,  and  a  considerable  "normal  waste"  must 
be  expected  and  allowed  for.  Even  the  most  improved  appliances,  if 
fitted  too  tightly,  could  not  be  operated  with  the  speed  that  lock  ser- 
vice requires.  The  lock  gates  when  new,  must  be  built  with  a  clear- 
ance of  at  least  li  in.  in  order  to  allow  for  future  wear;  and  it  may 
be  said  that  a  perfect  condition  of  tightness  in  them  could  never  be 
maintained  long,  if  it  is  ever  attained. 

This  normal  leakage  may  vary  from  8  to  12%  of  the  lockage  water 
under  the  best  conditions  of  practical  equipment. 

Taking  only  8%,  or  295  cu.  ft.  per  sec,  the  daily  depressions  pro- 
duced on  the  lake  will  be: 

For  the  1st  month,  0.0684  in. 

"        2d        "        0.0782  " 

"       3d       "       0.0912  " 

"       4th      "       0.1095  " 

YIII. — Water  Wasted  by  Maintenance  Operations. — The  enormous 
amount  of  "metal  work"  forming  the  active  parts  of  the  locks,  which 
will  be  almost  continually  in  contact  with  water,  will  demand,  in  the 
Canal  Zone,  incessant  care,  repeated  cleaning,  scraping,  painting,  and 
other  special  protection  against  the  tropical  elements.  Much  of  this 
work  must,  necessarily,  be  done  during  the  dry  season  only. 

With  perhaps  more  than  30  000  tons  of  movable  lock  gates;  miles  of 
submerged  pipes,  culverts,  joints,  cables,  chains,  safety  appliances,  etc. ; 
with  more  than  80  immense  "by-pass,"  "sluice,"  and  "auxiliary"  valves ; 
with  four  enormous  rolling  gates,  bumpers,  their  operating  appliances, 
and  submerged  tracks,  and  with  miles  of  masonry  walls,  it  is  prudent 
to  admit  the  probability  of  many  compulsory  stoppages  for  running  re- 
pairs and  for  maintenance.  In  many  cases,  it  will  be  possible  to  em- 
ploy divers,  but  in  others  it  will  be  necessary  to  empty  the  locks  and 
sacrifice  the  large  quantities  of  water  they  contain. 

Admitting  that,  when  possible,  all  renewals,  running  repairs,  flush- 
ings, etc.,  are  left  for  the  wet  season,  and  that  only  unavoidable  losses 
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will  be  permitted  during  the  season  of  scarcity,  it  seems  that  an 
allowance  of  65  cu.  ft.  per  sec.  would  be  a  conservative  figure  to  cover 
these  contingencies.  To  this  must  be  added  the  amounts  chargeable  to 
the  power  plants  and  hydraulic  motors  operating  on  Lake  Gatun,  mak- 
ing together  about  125  cu.  ft.  per  sec.  The  corresponding  depressions 
on  the  lake  will  be: 

For  the  1st  month,  0.0290  in. 

"       2d         "        0.0316    " 

"        3d         "        0.0385    " 

"       4th       "        0.0460    " 

In  considering  these  figures  it  is  well  to  bear  in  mind  that  the 
locks  will  be  forever  in  continual  use,  with  no  "long  dead  seasons" 
during  which  complete  overhauling  could  be  undertaken.  It  may  be 
claimed  that  the  locks,  being  in  duplicate  sets,  could  be  emptied  at  any 
time  for  general  overhauling.  This  is  true;  but  the  safety  appliances 
and  towing  devices  now  arranged  for  "double-track"  service,  will  make 
"single-track  operation"  very  dangerous,  and  will  reduce  considerably 
the  tonnage  capacity  of  the  canal,  when  attempted. 

The  repairs  will  have  to  be  made  when  needed,  and  as  often  as 
needed.     Hence  the  apparently  large  allowance  for  this  contingency. 

IX. — Losses  Due  to  False  Maneuvers  and  Accidents. — With  the 
many  protective  features  now  under  study  for  these  locks,  and  the 
many  regulations  that  will  have  to  be  enforced  on  the  passing  vessels, 
no  serious  accidents  in  the  locks  are  anticipated.  The  jamming  of  gates 
and  valves  by  floating  debris ;  the  occasional  breaking  of  a  valve  spindle 
or  gate  trunnion;  some  mishap  at  the  rolling  gates;  perhaps  some 
trouble  at  the  water-wheels,  are  the  most  probable  causes  of  some  extra 
loss  of  water,  which,  with  care,  can  be  reduced  to  a  minimum. 

Even  with  the  best  of  management,  however,  false  maneuvers  will  be 
a  constant  source  of  danger,  and  will  cause  great  waste  of  water, 
particularly  when  handling  foreign  craft  with  crews  not  familiar  with 
the  service,  and  at  night  in  locks  of  unprecedented  dimensions,  where 
the  oscillations  of  the  working  level  will  be  at  times  considerable,  and 
the  signaling  distances  very  long. 

Accidents,  however,  can  be  predicted,  but  not  estimated;  that  they 
may  happen  is  now  too  well  proven  by  the  very  serious  one  of  June, 
1909,  in  the  Sault  Ste.  Marie  Lock,  when  three  vessels  were  sunk  and 
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the  lock  put  out  of  commission  after  losing  enormous  quantities  of 
water. 

To  cover  only  normal  contingencies,  a  margin  of  125  cu.  ft,  per  sec. 
is  taken,  giving  the  following  lake  depressions: 

For  the  1st  month,  0.0290  in. 

"        2d         "  0.0316    " 

"        3d         "  0.0385    " 

4th       "  0.0460    " 

That  these  figures  are  conservative  will  perhaps  be  admitted,  if  the 
following  data  are  analyzed : 

The  delays  to  navigation  in  the  Poe  Lock  on  account  of  breakages 
have  been  reported  as  follows: 

In  a  total  of  2  007  days  of  operation  in  the  single  Poe  Lock  at  St. 
Mary  Falls,  Mich.,  there  have  been  1 104  hours  of  stoppage  due  to 
breakages,  as  follows: 

Gate    engines 282  hours. 

Gate  cables 145 

Sheaves  for  cables 44 

Obstructions  against  miter  sills 37 

Grounding  on  platforms , .  26 

Fouling  of  tow-lines 26 

Jamming  of  vessels 12 

Gates 204 

Pressure  pipes   48 

Gratings    6 

Changes  in  pressure  system 249 

Miscellaneous  25 


Total 1 104  hours. 


These  were  only  current  repairs  during  operation. 

In  the  Poe  Lock,  all  "necessary'^  repairs  and  overhauling  of  the 
lock  and  machinery  are  always  made  every  winter  when  the  canal  is 
not  in  service,  the  foregoing  delays  being  only  for  "accident"  repairs. 

If  this  is  the  case  for  only  one  lock  having  only  4  gates  and  a  20-ft. 
lift,  what  will  be  the  figures  for  12  locks  of  larger  sizes  with  30-ft.  lifts, 
84  gates  three  times  larger,  in  continual  use,  and  performing  a  duty 
seven  times   larger,  under  conditions  much  more  unfavorable?     This 
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leaves  out  of  consideration  the  additional  contingencies  due  to  the 
spillways,  rolling  bumpers,  auxiliary  drawbridge  dams,  capstans,  and 
towing  appliances,  not  used  at  all  in  the  Poe  Lock. 

X.^Losses  at  Spillways  and  Regulating  Gates.— The  regulating 
appliances  at  the  spillways  must  be,  by  construction,  extremely  strong 
and  of  ample  size,  so  as  to  be  able  to  resist  the  enormous  discharges  of 
"flood  times." 

The  "spillway"  at  Gatun  will  be  more  than  800  ft.  long,  with  21 
steel  gates,  each  38  ft.  wide  and  with  16  ft.  of  water  depth.  In  order 
to  be  operated  easily  and  quickly,  these  active  parts  cannot  be  made, 
in  practice,  to  fit  too  tightly;  hence  this  source  of  leakage,  being  con- 
tinual, may  amount  to  very  considerable  figures. 

For  the  normal  leakage  at  these  extra  large  regulating  gates,  it 
would  not  be  good  practice  to  take  less  than  200  cu.  ft.  per  sec.  for 
the  conditions  that  will  prevail  in  the  Canal  Zone;  but,  allowing  for 
the  gradual  lowering  of  the  lake  level,  and  to  avoid  criticism,  125  cu.  ft. 
per  sec.  is  taken  as  the  average  loss. 

The  corresponding  depressions  will  be: 

For  the  1st  month,  0.0290  in. 
"       2d        "       0.0316    " 
"       3d        "       0.0395    " 
"       4th       "       0.0000    " 
XI. — Miscellaneous  Losses. — As   the  lake  will   absorb   and   control 
all  the  streams   of  the  central  region  of  the  Canal  Zone,   for  miles 
around,  it  must  in  return  furnish  water,  directly  or  indirectly  for : 

A. — All  the  needs  of  the  populations  and  industries  that  may  locate 
around  its  borders,   and  on  its  numerous  islands; 

B. — The  consumption  and  replenishing  of  all  passing  vessels  and 
craft  using  the  lake;  and 

C. — All  the  losses  and  wastes  at  the  intermediate  section  from 
Pedro  Miguel  to  the  sea-level  section  at  Miraflores,  due  to  evaporation, 
percolation,  fly-off,  etc. 

For  all  these  losses  300  cu.  ft.  per  sec.  is  assumed,  giving  the 
following  depressions: 

For  the  1st  month,  0.0464  in. 
"  2d  "  0.0536  " 
"  3d  "  0.0615  " 
"       4th       "       0.0742    " 
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It  will  be  observed  that  in  the  foregoing  computations,  many  of  the 
figures  are  debatable,  being  matters  of  judgment.  That  is  why  such 
lengthy  and  tedious  reasonings  have  been  given  in  order  to  state  the 
grounds  on  which  these  figures  are  based.  If  the  estimated  losses  of 
water  are  too  large,  any  economy  realized  on  them  after  the  canal  is 
built  will  be  a  clear  gain  from  which  to  draw  for  future  enlargements 
of  the  service. 

The  writer  believes  that,  in  questions  of  such  importance,  any 
approximation  on  the  safe  side  is  better  than  a  "poor  guess,"  and,  in 
consequence,  he  submits  his  figures  only  to  invite  discussion  on  the 
debatable  points. 

The  remote  possibility  that  a  lake  created  at  an  enormous  expense 
and  on  which  depends  the  whole  Lock- Canal  system,  might  not  be 
up  to  its  estimated  capacity  when  finished  or  later,  merely  for  lack  of 
water,  deserves,  at  least,  to  be  well  studied  by  civil  engineers. 

Replenishing  Water  Supply. 

The  only  replenishing  supply  for  Lake  Gatun — after  the  last  rain 
of  a  wet  season  has  fallen — is,  as  has  been  stated,  what  it  will  receive 
from  all  the  tributary  streams  that  empty  into  it,  plus  whatever 
occasional  rain  may  fall  on  its  surface. 

Records  show  that  the  available  supply  from  these  two  sources  will 
rarely  average  more  than  1  200  cu.  ft.  per  sec,  and  that  this  may  be 
considerably  less  in  "dry  years." 

In  these  computations  the  local  precipitation  has  been  considered 
separately,  and  the  corresponding  monthly  amounts  have  been  credited 
to  the  lake  each  month,  as  shown  in  Tables  4  and  6;  the  rainfall  of 
1908  is  taken  as  an  example,  being  the  latest  available,  but  by  no  means 
the  driest. 

As  the  plane  of  drainage  discharge  in  that  Chagres-Gatun  Valley 
will  be  raised  87  ft.  above  its  original  level  on  an  area  of  170  sq.  miles, 
the  part  of  the  dry  season's  inflow  corresponding  to  the  drainage  of  a 
great  part  of  that  area  will  disappear  from  the  lake's  budget,  thus 
reducing  to  that  extent  the  amount  of  "dry  weather"  replenishing 
inflow. 

That  being  the  case,  if  figuring  on  the  driest  years,  the  inflow  from 
all  tributaries  above  the  lake  could  be  taken  at  1  000  cu.  ft.  per  sec.  for 
the  months  of  scarcity;  but  the  writer  has  assumed  that  a  remnant 
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of  the  rainy  season  run-ofP  will  overlap  into  the  beginning  of  the  dry 
season  and  increase  the  average  of  its  first  month's  flow  to  about  1  500 
cu.  ft.  per  sec. 

This  will  give  a  "dry  season"  average  of  1  217  cu.  ft.  per  sec,  and 
add  to  the  lake  level  as  follows: 

For  the  1st  month,  0.3466  in. 
"       2d         "        0.2118    "       ' 
"        3d         "        0.2790    " 
"       4th       "       0.4810    " 
In   the   extra   dry   years   which   occur    at   intervals,   the   foregoing 
amounts  will  be  considerably  less  after  deducting  the  precipitation  on 
the  lake,  etc. 

TABLE  4. — Lake  Depressions  During  the  Dry  Season: 

20  Bound  Trips. 


Losses. 


I. 

IL 

in. 

IV. 
V. 

VI. 

VII. 

VITI. 

IX. 

X. 

XI. 


Surface  evaporation 

Border  evaporation 

Percolation 

Lockage  water  only  (20.) 

Normal  waste  for  traffic 

I  Hydro-electric  plants,  Gatun 

I       ''  "  "        Miraflores. 

Leakage  at  gates  and  valves 

Water  used  for  maintenance 

Losses  by  false  maneuvers,  etc . . . 

Losses  at  spillway 

Miscellaneous  losses 


Total  losses  per  day,  in  inches , 

Credit  daily  inflow,  average  1  100  cu.  ft.  per  sec , 


Net  depression  per  day,  in  inches. 


Loss  of  draft  per  month,  in  inches. 
Credit,  rainfall  on  lal:e  (1908) 


Net  loss  by  months,  in  inches. 


Daily  Depressions  op  the  Lake 
Level,  in  Inches. 


1st 
month, 

1()0 
sq.  m. 


0.2500 
0.00B6 
0.4750 
0.9000 
0.08.% 
0.1393 
0.1392 
O.0684 
0.0290 
0.0290 
0.0786 
0.069G 


2.2702 
0.34ti6 

1.8236 

57.71 
0.84 

56.87 


2d 
month, 

140 
sq.  m. 


0.2900 
0.U076 
0.4450 
1.0285 
0.0978 
0.1591 
0.1591 
0.0782 
0.0316 
0.0316 
0.0480 
0.0804 


2.4569 
0.2118 


2.2451 


67.35 
0.30 


67.05 


3d 
month, 

120 
sq.  m. 


0.2950 
0.0988 
0.4150 
1.2000 
0.1141 
0.1856 
0.1856 
0.0912 
0.0385 
0.0385 
0.0395 
0.0922 


2.7040 
0.2790 


2.4250 


72.750 
0.245 


72.50 


4th 
month, 

100 
sq.  m. 


0.2500 
0.0104 
0.3770 
1.4400 
0.1370 
0.2227 
0.2227 
0.1095 
0.0460 
0.0460 
0.0000 
0.M12 


2.9725 
0.4810 


2.4915 


74.745 
1.275 


73.47 


Total  loss  of  draft  in  canal  during  one  Dry  Season. 

After    30  days 56.87  in.  =    4.74  ft.,  say    4  ft. 

'^       60     "■    123.92   ^'    =  10.32  "       "     10" 

"       90     "    196.42   "=  16.36  "      "     16" 

"     120     "    269.89   "=  22.48  "       "     22" 

(yearlQOS)"     150     "    343.36  "=  28.61  "      "     29" 
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TABLE  5. — Results  op  One  Dry  Season's  Operations   (20  Trips), 
Starting  with  Lake  Full,  up  to  +  87-Ft.  Mark. 


Depression . 

Usable  Salt- Water  Draft  Left  in  Canal  (3^). 

Absolute. 

3  ft. 
clearance. 

4  ft. 
clearance. 

41  ft. 
37  '' 
31  " 
26  •' 
19  '' 
13  " 

6  ft. 
clearance. 

Beginning  of  dry  season 

After    30  clays 

0.00  ft. 

4.74  " 
10.32  " 
16.36  '- 
22.48  '' 
28.61  " 

45.. 59  ft. 
41.00  '' 
.35.59  '' 
30.36  '• 
23.79  •• 
17.84  " 

42.60  ft. 
,38.       - 
32.60  '' 
27.36  " 
20.79  " 
14.84  ^' 

39  ft. 

35  " 

60     ''    

29  '• 

''       90     "    

24  " 

"      120      "    

17  "• 

"      150      "     

12  " 

The  Isthmian  Records  show  many  years  of  more  than  150  days  dry  weather. 

Table  5  shows  that: 

After  the  first  month  of  operation,  the  contemplated  41-ft.  draft  in 
the  Canal  will  have  disappeared. 
After    60  days,  vessels  drawing  33  ft.  cannot  use  the  canal  with  safety. 

a  9Q  u  u  a  28    "         "  "        "         "  "         " 

u     220  "         "         "         21   "       "         "      "       "         "       " 

u       250  a  u  u  ir-y    a         (.(.  u        u         u  u         u 

TABLE  C). — Lake  Depressions  During  the  Dry  Season:  For 

30  Round  Trips. 


Daily  Depressions,  Measured  in  Inches. 

Causes. 

1st  month, 
160  sq.  m. 

2d  month, 
140  sq.  m. 

3d  month, 
120  sq.  m. 

4th  month, 
100  sq.  m. 

I.    Surface  evaporation 

0.2147 
0.0066 
0.4750 
1.2834 
0.0856 
0.2784 
0.1368 
0.0490 
0.0296 
0.0780 
0.0695 

0.2828 
0.0075 
0.4450 
1 .4667 
0.0978 
0.3182 
0.1.564 
0.0600 
0.0316 
0.0283 
0.0804 

0.2950 
0.0088 
0.4150 
1.7112 
0.1141 
0.3712 
0.1824 
0.0600 
0.0385 
0.0000 
0.0922 

0.2400 

11     Border  evaporation 

0.0105 

HI.     Percolation 

0.3770 

IV.     Water  for  lockages  only 

2.0544 

V.    Normal  waste  by  lockages 

0.1370 

VI.     Hydro-electric  plants 

0.4454 

VII.    Leakage  at  gates  and  valves 

0.2180 

VIII.     Water  used  for  maintenance 

0.0900 

IX.    Losses  by  false  maneuvers 

0.0460 

X.    Losses  at  spillway 

0  0000 

XL    Miscellaneous  losses 

0.1112 

Less  daily  inflow 

2.7366 
0.3466 

2.9737 
0.2127 

3.2884 
0.2884 

3.7795 

0.4895 

Net  depression  per  day,  in  inches 

2.3900 

3.7600 

3.0000 

3.2900 

Loss  of  level  per  month,  in  inches 

71.70 
0.84 

82.80 
0.30 

90.00 
0.30 

98.70 

Credit  rainfall 

1.30 

Net  depression  per  month 

70.86 

82.50 

89.70 

97.40 
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Totalloss  of  level    in      30  days 70.86  in.  =    5.90  ft.,  say   6  ft. 

"       "     ''      "     after    60    "      153.36  ''=  12.78  "  "    12" 

"       "      •'      "        •'         90     "      243.06  ''=  20.10   "  "    20'' 

''       "     "      "        "       120     "      340.46   ''=  28.37   "  "    28" 

Total  loss  of  draft  in  canal  during  one  Dry  Season. 

After  30  days'  operation 70.86,  say    6  ft. 

"     60     "             " 153.36  "    12'' 

"     90     "             "          243.06  "    20" 

"120     '•             "          340.46  "    28" 


TABLE  7. — Results  of  One  Dry  Season's  Operations  (30  Round 
Trips),  Starting  with  Lake  Full,  up  to  +  ST-Ft.  Mark. 


Depression. 

Usable  Salt- Water  Draft  Left 

IN  Canal. 

Absolute. 

3  ft. 
clearance. 

4  ft. 
clearance. 

6  ft. 
clearance. 

Beginning  of  dry  season 

After  30  days 

0.00  ft. 

6.00  " 
12.00  " 
20.00  " 
28.00  " 

45.60  ft. 
39.77  " 
33.95  " 
26.19  " 
18.43  •' 

42.60  ft. 
36.77  " 
30.95  " 
23.20  " 
15.40  " 

41.60  ft. 
35.77  " 
30.00  " 
22.20  " 
14.43  " 

40  ft. 
32  " 

"      60      '•    

28  " 

"      90      "    

"    V20      "    

21  " 
12  " 

Table  7  shows  that: 

After  the  first  month  of  operation,  the  contemplated  40-ft.  depth  of 
water  will  have  disappeared  from  the  Canal. 

After    60  days,  vessels  drawing  31  ft.  cannot  navigate  the  canal. 

a        90     "  "  "         24  "        "  "  '*■       " 

"      120     "  "  "         16  "        "  "  "       " 

Resume. 

A  resume  of  all  the  foregoing  computations  is  shown  in  Table  4, 
for  20  trips  a  day,  with  the  corresponding  results  for  one  dry  season's 
operations. 

As  it  has  been  claimed  that  the  capacity  of  the  Lock  Canal  could 
be  enlarged  at  any  time  later,  or  whenever  needed,  by  the  construction 
of  additional  locks  alongside  of  those  under  discussion,  it  is  not  idle 
to  ascertain  now  whether  the  visible  supply  of  water  above  the  lake 
would  permit  such  enlargements. 

For  that  purpose  Tables  6  and  7  have  been  prepared  for  30  trips 
only,  and  assuming  that,  with  the  additional  lockage  facilities  greater 
economy  of  water  could  be  obtained. 

They  show  that,  if  additional  locks  were  built  and  a  double  service 
attempted,  the  consumption  of  water  would  lower  the  lake  and  leave 
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only  a  19-ft.  draft.  This  would  make  it  impossible  to  use  the  canal 
while  that  rate  was  kept  up,  unless  some  system  of  pumping  and  re- 
pumping  the  water  back  from  the  sea  into  the  lake  were  established,  at 
an  onerous  and  perpetual  expense. 

The  tables  prove  also  that  the  Lock  Canal,  by  construction  and  by 
insufficiency  of  water,  is  forever  limited  to  less  than  the  20  round  trips 
taken  as  a  basis  in  this  study,  on  account  of  the  resulting  reduction 
of  the  navigable  draft,  if  a  larger  service  were  maintained. 

It  is  admitted,  of  course,  that  even  this  small  rate  will  not  be 
reached  during  the  first  years  of  operation;  but  the  Canal  is  to  serve 
forever.  What  the  requirements  of  commerce  will  be,  in  years  to  come, 
is  beyond  an  engineer's  computation;  history,  however,  shows  that  all 
ways  of  communication  created  by  man  have  had  to  be  enlarged,  in 
order  to  satisfy  the  ever-increasing  requirements  of  successive  genera- 
tions. 

The  Lock  Canal,  as  now  being  built,  can  never  be  enlarged,  as  it 
could  not  be  operated  if  enlarged,  on  account  of  mere  lack  of  the  neces- 
sary water. 

In  a  sea-level  canal,  fed  at  each  end  by  the  ocean,  this  problem  of 
water  supply  is  completely  and  forever  eliminated. 

The  sea-level  canal  can  thus  be  at  any  time  enlarged  to  meet  any 
possible  requirements  of  navigation  in  the  future,  for  its  water  supply, 
being  unlimited,  need  never  be  considered. 

Deductions. 

Tables  4  and  5,  for  20  trips,  tend  to  prove: 

1. — That  after  60  days  of  dry  weather,  the  large  vessels  now  afloat 
and  all  the  men-of-war  of  the  navy  drawing  more  than  33  ft.  cannot 
use  the  canal,  on  account  of  lack  of  depth. 

2. — That  after  90  days  of  dry  season,  all  naval  vessels,  transports 
and  craft  drawing  more  than  28  ft.  could  not  navigate  Lake  Gatun. 

3. — That  after  120  days,  no  vessel  drawing  more  than  21  ft.  can 
use  the  canal. 

It  may  be  argued  that  only  the  large  transatlantic  transports 
draw  more  than  37  ft.,  and  that  they  will  probably  never  cross  the 
Isthmus.  They  are,  nevertheless,  now  afloat;  and  other  semi-carriers 
are  now  being  completed  that  will  draw  41  ft.  on  Lake  Gatun. 

In  case  of  war,  these  and  the  largest  transports  will  be  the  very 
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ones  impressed  for  the  service.  If  they  cannot  pass  the  Isthmus  ex- 
cept at  the  end  of  the  rainy  season,  an  enemy  could  very  well  choose 
the  proper  time  to  strike  us  when  the  Lock  Canal  is  incapacitated  by 
mere  lack  of  water  in  Lake  Gatun. 

Conclusions. 

The  foregoing  deductions  prove: 

1. — That  the  water  supply  as  planned  for  the  Lock  Canal  will  be 
insufficient  and  inadequate  for  the  most  important  service  for  which 
the  Canal  is  being  built:  the  use  of  the  United  States  Navy. 

2. — That  this  insufficiency  of  water  limits  for  all  time  the  capacity 
of  the  Lock  Canal  to  less  than  20  round  trips  a  day. 

3. — That  all  the  available  water  supply  above  Lake  Gatun  is  not 
sufficient  for  a  larger  service,  and  thus  makes  impossible  any  enlarge- 
ment of  the  Lock  Canal  in  the  future. 

4. — That  under  the  present  plans  the  40-ft.  draft  expected  to  be 
obtained  in  the  canal  cannot  be  maintained. 


In  closing  this  paper,  the  writer  is  aware  of  the  fact  that  arguments 
and  figures  m^iy  be  produced  in  its  discussion  which  may  apparently 
prove  that  his  conclusions  are  not  justified,  but  he  wishes  to  record 
here  his  opinion  that  unless  the  existing  supply  of  water  is  augmented 
by  the  construction  of  additional  reservoirs  and  pumping  stations,  not 
called  for  by  the  present  plans,  the  Lock  Canal  cannot  be  operated  on 
the  basis  now  contemplated. 
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DISCUSSION 


C.  E.  Grunsky,  M.  Am.  Soc.  C.  E. — In  an  article  on  the  type  of  the  Mr. 
Panama  Canal,*  prepared  by  the  speaker  in  January,  1909,  attention  "^^^^  ^ 
was  called  to  the  water  requirements  of  the  Canal,  as  estimated  by  the 
Board  of  Consulting  Engineers  of  1905,  on  the  basis  of  figures  fur- 
nished by  General  Henry  L.  Abbot,  of  the  Corps  of  Engineers,  U.  S. 
Army  (Retired).  At  that  time  it  was  stated  that  these  figures  required 
revision  because,  after  the  estimates  had  been  made,  the  actual  area 
of  Gatun  Lake  was  found  to  be  164  sq.  miles  instead  of  110,  as  as- 
sumed, and  because,  in  the  meantime,  it  had  been  determined  to  widen 
the  canal  locks  to  110  ft.  Further  discussion  of  this  important  feature 
of  the  Canal  problem  by  the  Canal  authorities  has  not  come  to  the 
speaker's  notice. 

Mr.  Sorzano's  paper  is  timely  because,  although  it  is  now  too  late 
for  a  material  change  of  canal  plan,  it  would  be  unfortunate  if  proper 
measures  were  not  taken  to  bring  the  lock  canal  to  the  highest  state 
of  efficiency. 

The  speaker  is  among  those  who  were  disappointed  when  the  report 
of  the  Board  of  Consulting  Engineers — eight  to  five — was  set  aside,  and 
the  lock  canal  was  adopted.  Locks  are  not  added  to  canals  to  improve 
them.  They  are,  however,  oftentimes  necessary  in  order  to  adapt  a 
canal  to  the  physical  peculiarities  of  the  available  canal  ^route.  Where 
there  is  a  choice  between  an  adequate  canal  without  locks  and  one  with 
locks,  the  question  to  be  answered  is  whether  the  better  canal  is  worth 
the  additional  cost  in  time  and  money!  In  the  case  of  the  Panama 
Canal  this  question  has  never  been  answered  conclusively.  The  Board 
of  Engineers  of  1905,  with  the  data  then  available,  told  President 
Roosevelt  that  the  additional  cost  of  a  sea-level  canal  was  justified.  The 
Canal  Commissioners,  who,  in  the  light  of  more  complete  data,  might 
have  taken  up  the  question  again  as  late  as  1908,  seem  to  have  been 
content  to  place  before  Congress  and  the  American  people  evidence  that 
the  Gatun  Dam  can  be  made  a  safe  structure,  but  they  failed  to  furnish 
convincing  evidence  that  the  better  canal  would  not  have  been  worth 
the  additional  cost.  Moreover,  in  the  light  of  the  favorable  progress 
reports  relating  to  the  excavation  of  the  canal  prism,  it  is  reasonable 
to  believe  that  the  excess  cost  would  not  have  been  as  great  propor- 
tionately as  was  originally  assumed. 

When  the  American  engineer  is  asked  why  the  United  States  did 
not  build  a  first-class  canal,  he  will  be  at  a  loss  for  a  satisfactory 
answer.  Nor  is  it  likely  that  conclusive  evidence  on  this  point  will 
ever  be  furnished  by  anyone.  The  time  has  passed  when  it  was  essential 
to  study  the  larger  problem,  and,  in  any  discussion,  under  comparison 

*  Popular  Science  Monthly,  May,  1909. 
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Mr.  with  the  accomplished  results,  the  sea-level  canal,  with  difficulties  of 
^^^^  '^'  conjectural  magnitude,  would  be  likely  to  fare  badly. 

It  seems  to  be  taken  for  granted  that  a  dam  at  Alhajuela  would  safe- 
guard the  water  supply.  The  speaker  has  been  at  the  Alhajuela  dam 
site,  and  was  impressed  by  the  lack  of  adequate  information  relating  to 
the  geological  formations  at  that  point.  Exhaustive  studies  may  have 
been  made  since  that  time.  At  any  rate,  this  word  of  caution  against 
accepting  the  Alhajuela  site  as  the  best,  without  full  investigation,  will 
not  be  amiss.  At  Gamboa,  where  it  would  have  seemed  natural  and 
reasonable  to  construct  a  dam,  with  spoil  from  Culebra  Cut,  to  an 
elevation  of  about  200  ft.  above  sea  level,  there  is  good  conglomerate 
foundation,  the  lowest  point  of  which  is  about  at  sea  level.  This  was 
satisfactorily  demonstrated  by  borings  in  1904.  It  may  still  be  possible 
to  construct  a  dam  at  this  point.  The  Gamboa  Reservoir,  with  a  water 
surface  of  more  than  30  sq.  miles,  would  be  a  most  excellent  regulator 
of  the  flow  of  the  Chagres  River.  If  this  dam  had  been  constructed 
at  once  (1905-1907),  it  would  have  solved  numerous  water-supply 
problems,  and  would  have  furnished  power  for  many  uses  along  the  line 
of  the  Canal.  Perhaps  a  dam  can  be  constructed  at  this  point  after 
the  lock  canal  is  in  service,  but  this  does  not  seem  likely,  because  the 
dam  site  will  be  submerged  by  the  waters  of  Gatun  Lake  to  a  depth  of 
about  40  ft.  If  the  work  already  done  has  not  made  this  dam  im- 
practicable— construction  with  spoil  from  Culebra  Cut  being  assumed — 
the  advisability  of  constructing  it  at  once  should  receive  more  than 
passing  consideration  by  the  Canal  authorities.  If,  upon  a  revision  of 
the  author's  figures,  it  be  found  that  a  shortage  of  water  is  to  be  feared, 
a  decision  should  at  once  be  reached  with  regard  to  the  location  of  the 
additional  storage  reservoir.  This  decision  should  not  be  postponed 
until  what,  at  present,  seems  to  be  the  best  site  has  been  rendered 
impracticable. 

As  one  of  the  engineer  members  of  the  Isthmian  Canal  Commission 
of  1904-1905,  the  speaker  had  hoped  to  have  an  opportunity  of  studying 
and  passing  upon  all  the  larger  engineering  problems  which  the  con- 
struction of  the  Canal  involves,  but  this  hope  was  not  realized,  and  since 
his  brief  connection  with  the  work,  time  and  opportunity  for  a  compre- 
hensive study  of  these  problems  could  not  be  found.  Lacking  complete 
information,  yet  being  frequently  credited  with  its  possession,  it  is 
always  with  some  misgivings  that  he  participates  in  the  discussion  of 
the  Canal  problems.  He  wishes  to  avow  himself  deeply  interested  in 
the  success  of  the  Canal,  though  venturing  some  criticism. 

The  water-supply  estimates  presented  by  the  author  are  demon- 
strable in  part  only.  The  quantity  of  water  required  for  lockages,  the 
leakage  at  structures,  the  water  required  for  power,  the  rainfall,  and 
the  evaporation  from  the  water  surface  of  the  lake  can  be  estimated 
with  some  degree  of  precision  from  known  facts;  but  the  loss  of  water 
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from  wet  marginal  lands  and  the  loss  by  infiltration  from  a  lake  of  ^  Mr. 
large  extent  are  matters  of  conjecture,  in  which  there  is  wide  latitude 
for  personal  opinion.  Would  it  not  be  better,  therefore,  to  estimate 
the  available  supply — the  known  flow  of  the  streams,  the  water  avail- 
able from  storage,  and  the  rain  on  the  lake's  surface — and  to  deduct 
from  this  the  losses  by  evaporation  from  the  lake,  leakage  at  the 
structures,  and  a  definite  allowance  for  power,  and  see  what  remains? 
The  remainder  will  be  the  water  available  for  lockages  and  for  the 
indeterminate  losses  by  marginal  evaporation,  by  seepage,  or  otherwise. 
These  losses  may  turn  out  to  be  small.  Perhaps  it  will  be  safe  to 
assume  no  loss  by  evaporation  from  marginal  wet  areas,  because  this 
loss  is  offset  by  the  gain  resulting  to  the  flow  of  the  streams  by  the 
elimination  of  the  swamps  and  wet  areas  at  present  within  the  lake 
contour  above  Gatun,  for  which  the  author  has  made  no  allowance. 
The  loss  of  water  by  infiltration  and  all  other  indeterminate  losses  can 
then  be  introduced  into  the  calculation  as  personal  judgment  may 
dictate. 

The  Canal  capacity,  as  determined  by  the  water  supply,  on  the 
extreme  assumption  that  such  indeterminate  loss  is  too  small  to  be 
considered,  cannot  be  exceeded  except  by  drawing  more  water  from 
storage.  A  draft  of  more  than  5  ft.  on  Gatun  Lake,  as  pointed  out  by 
Mr.  Sorzano,  would  reduce  the  effective  depth  of  the  Canal,  unless 
storage  be  provided  elsewhere  than  in  Gatun  Lake. 

Using  for  illustration  such  data — not  verified — as  are  at  hand,  it 
would  appear  that: 

The  low-water  flow  of  streams  entering  Gatun  Lake 

during  four  dry  months  will  average  about 1  200  sec-f t. 

The  water  obtainable  from  storage  in  Gatun  Lake, 
5  ft.  (87  to  82  ft.),  for  the  same  period,  will 
amount    to 2  210       " 

The  rain  on  the  lake's  surface,  about  2.60  in.  during 

four  dry  months,  will  be 100      " 

Total 3  510  sec-ft. 

There  will  be  required: 

To  supply  the  evaporation  loss,  0.0215  ft.  in  depth 

per  day,  from  164  sq.  miles 1 140  sec-ft. 

To  supply  leakage  at  structures 250 

For  power,  and  other  uses :  •  •    200 

Total 1  590  sec-ft. 

There  is,  of  course,  some  uncertainty  relating  to  the  loss  of  water 
by  evaporation.    Experiments  made  at  Boston,  Mass.,  and  at  Kingsburg, 
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Mr.  Cal.,*  indicate  that,  for  a  mean  monthly  temperature  of  78.5°  Fahr., 
^'  which  is  about  that  which  will  prevail  during  the  dry  months  at  Gatun 
Lake,  an  evaporation  of  0.0215  ft.  per  day  may  be  expected  from  an 
open  water  surface.  This  is  about  7%  in  excess  of  the  evaporation 
rate  assumed  by  General  Abbot  in  1905.  Canal  Commissioner  H.  H. 
Kousseau,  Assoc.  M.  Am.  Soc.  C.  E.,  in  an  address  before  the  Trans- 
Mississippi  Congress  in  August,  1909,  places  the  evaporation  loss  at 
y  in.  per  day,  but  does  not  state  how  he  arrives  at  this  amount. 

For  a  mean  monthly  temperature  of  78.5°,  the  Boston  curve  indi- 
cates an  evaporation  rate  of  0.021  ft.  in  24  hours.  The  highest  observed 
points  on  the  Boston  curve  are  for  mean  monthly  temperatures  of 
72°  and  70°  in  July  and  August,  and  corresponding  relative  humidities 
of  about  71.5  and  75.5  per  cent. 

The  Kingsburg  curve  indicates  a  rate  of  0.022  ft.  for  a  mean 
temperature  of  78.5  degrees.  The  highest  points  on  this  curve,  based 
on  observation,  are  for  mean  monthly  temperatures  of  82°  and  84°, 
in  July  and  August,  with  corresponding  relative  humidities  of  32  and 
35  per  cent. 

On  the  Isthmus  the  mean  monthly  relative  humidity  during  the  dry 
months  is  about  84  per  cent.  It  seems  probable  that  the  actual  evapora- 
tion rate  from  a  large  body  of  water  on  the  Isthmus,  owing  to  the 
high  moisture  content  of  the  atmosphere,  will  be  somewhat  less  than 
the  rate  introduced  into  the  calculation;  but  a  satisfactory  basis  for  a 
humidity  correction  is  lacking. 

The  leakage  at  structures,  above  noted,  is  the  estimate  of  the  Board 
of  Engineers  of  1905.  The  requirement  for  power  has  also  been  intro- 
duced into  the  calculation  at  the  Board's  estimate.  The  present  plans 
contemplate  the  use  of  much  more  water  for  power,  but  this  is  imma- 
terial, as,  in  case  of  need,  all  available  water  would  be  used  for  lockages 
during  the  dry  months  and  none  at  all  for  power,  which  can  always  be 
otherwise  secured. 

According  to  the  above  figures,  on  the  assumption  that  the  lake  is 
full  at  the  beginning  of  the  dry  months,  there  would  be  available  for 
lockages  and  to  supply  the  seepage  and  other  indeterminate  losses, 
3  510  —  1  590  =  1  920  sec-ft.  On  the  extreme  assumption  of  no  seepage 
loss  and  no  allowance  for  evaporation  from  marginal  wet  lands,  all  of 
the  1  920  sec-ft.  would  be  available  for  lockages. 

Following  General  Abbot's  method  of  estimating  the  quantity  of 
water  required  per  lockage,  on  the  assumption  that  a  reduced  lock 
length  will  be  used  for  80%  of  the  lockages,  the  average  requirement 
per  lockage  per  day  through  the  Canal  would  be  about  55  sec-ft. 
According  to  Mr.  Sorzano,  each  lockage  per  day  will  require  96  sec-ft. 
It  is  probable,  of  course,  that  the  Canal  will  be  used  for  some  time  as 

*  •'  Evaporation  from  the  Salton  Sea,"  by  C.  E.  Grunsky,  M.  Am.  Soc.  C.  E.,  Engineer 
ing  News,  Aug.  13th,  1908,  p.  163. 
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assumed  by  General  Abbot,  but  the  possibility  must  also  be  admitted  Mr. 
of  a  demand  on  the  Canal  to  its  capacity  within  comparatively  few  '^"^  ^' 
years.  This  capacity  may  be  limited  by  the  number  of  lockages  that 
can  be  made  per  day,  or  by  the  number  for  which  water  is  available. 
The  maximum  traffic,  expressed  in  tonnage  and  not  by  the  number  of 
lockages,  will  undoubtedly  be  attained  when  the  locks  are  always  crowded 
full  of  shipping  and  no  lockages  are  made  with  intermediate  gates. 
By  the  method  of  estimating  used  by  the  Board  of  Consulting  Engi- 
neers and  by  General  Abbot,  there  should  be  required  for  each  such 
lockage  through  the  canal  6  900  000  cu.  ft.  of  water,  or  80  sec-ft.  for 
24  hours. 

The  available  water,  therefore,  would  permit  of  35  lockages  per  day, 
if  80%  are  lockages  with  intermediate  gates.  On  the  author's  assump- 
tion of  the  requirement  per  lockage  through  the  canal,  there  would 
be  water  for  20  lockages  per  day.  As  the  Board  of  Engineers  would 
estimate  (intermediate  gates  not  used),  there  should  be  water  enough 
for  24  lockages  per  day  when  the  demands  of  commerce  have  reached 
the  canal  capacity.  If  no  water  were  used  for  power,  these  figures 
might  be  increased  by  4,  2.5,  and  2,  respectively. 

The  maximum  traffic  through  the  Canal,  as  limited  by  the  speed 
with  which  vessels  can  be  passed  through  the  locks,  is  given  at  40 
per  day  by  Alfred  Noble,  Past-President,  Am.  Soc.  C.  E.,  and  Joseph 
Ripley,*  M.  Am.  Soc.  C.  E.  It  is  48  according  to  Mr.  Rousseau,t  who 
probably  voices  the  opinion  of  the  Canal  authorities.  Messrs.  Noble 
and  Ripley  place  the  extreme  number  at  57,  but  state  that,  after  allow- 
ing for  all  causes  of  delay,  it  should  not  be  hoped  to  realize  more 
than  40. 

These  numbers  are  far  in  excess  of  the  20  to  24  lockages  estimated 
from  the  water  supply.  The  water  supply,  in  other  words,  does  not 
appear  to  be  sufficient  to  bring  the  canal  up  to  the  tonnage  capacity  of 
the  locks  without  utilizing  more  storage  than  is  now  contemplated. 
Each  additional  foot  below  the  82-ft.  level  drawn  from  Gatun  Lake 
will  add  about  4.5  to  5.5  lockages  per  day  during  a  period  of  120  days, 
this  number  depending  on  whether  the  net  contents  of  the  locks,  or  the 
figures  suggested  by  Mr.  Sorzano,  should  be  introduced  into  the 
calculation. 

Any  seepage  losses  from  Gatun  Lake  will  reduce  the  number  of 
lockages  by  one  per  day  for  each  80  to  96  sec-ft.  of  such  loss.  Thai 
there  will  be  some  such  loss  seems  unquestionable.  If  it  should  approxi 
mate  the  amount  suggested  by  the  author — about  1  960  sec-ft. — it  would 
indeed  be  a  serious  matter.  The  writer  sees  no  cause  for  alarm.  He 
believes  that  this  loss  will  be  small,  and  that  it  should  only  be  con- 
sidered as  one  of  the  elements  of  risk  which,  in  some  measure,  may 

*  Report  to  the  Board  of  Consulting  Engineers  of  1905, 

t  Address  at  Denver,  in  August,  1909,  before  the  Trans-Mississippi  Congress. 
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Mr.  reduce  the  efficiency  of  the  lock  canal.  The  distance  which  must  be 
runs  y.  traversed  by  percolating  waters  from  Gatun  Lake  to  any  outfall  point, 
except  near  the  various  dams,  is  so  great  that  the  velocity  of  motion 
will  be  very  slow.  The  measured  losses  of  water  from  canals,  as  cited 
by  Mr.  Sorzano,  can  only  be  used  as  evidence  that  seepage  losses  are 
possible;  they  afford  no  criterion  of  the  amount  of  such  loss  from  a  lake 
of  large  extent.  The  measurements  in  the  case  of  the  Kings  River  and 
Fresno  Canal,  referred  to  in  the  paper,  were  made  by  the  speaker.  The 
canal  lies  in  a  flat  alluvial  territory,  and  the  seepage  was  but  a  few 
feet  vertically  downward  to  the  water-table. 

The  available  data  indicate  that  the  traffic  capacity  of  the  Panama 
Canal,  during  the  dry  period,  will  be  limited  by,  and  is  to  be  determined 
from,  the  available  water  supply.  The  best  method  of  holding  the 
water  supply  throughout  the  year  at  the  capacity  of  the  locks  is,  there- 
fore, a  matter  which  should  receive  timely  attention. 

Mr.  H.  F.  Hodges,*  M.  Am.  Soc.  C.  E.  (by  letter). — Mr.  Sorzano's  paper 

on  the  probable  water  supply  for  the  lock  canal  at  Panama  is  most 
interesting.  The  conclusions  he  reaches  are  so  different  from  those  of 
others  who  have  reasoned  from  the  same  data,  that  the  writer  feels 
impelled  to  join  in  the  discussion  which  he  so  kindly  invites. 

The  author's  remarks  on  the  requirements  of  navigation  admit  of 
no  convincing  contradiction.  Anyone  is  at  liberty  to  prophesy  on  this 
subject.  The  dimensions  which  are  now  fixed  for  the  locks  of  the 
Panama  Canal,  and  the  depth  which  has  been  given  to  its  channels, 
express  the  judgment  of  the  authorities  responsible  for  these  features 
as  to  the  probable  future  needs  of  navigation.  If  the  draft  of  vessels 
desiring  to  use  the  Canal  should  grow  beyond  its  depth,  however,  it 
may  be  said  that,  not  only  the  Canal,  but  the  great  majority  of  harbors 
now  available,  would  have  to  be  deepened  in  order  to  accommodate  these 
monster  vessels ;  and  that  the  cost  of  deepening  the  Canal  and  renewing 
its  locks  would  be  only  a  small  part  of  the  expense  to  which  mankind 
would  be  forced  by  such  a  development. 

The  clearance  which  Mr.  Sorzano  regards  as  necessary  (6  ft.  below 
the  keel  in  a  reasonably  good  channel),  seems  a  little  large,  and  his 
requirement  of  3  ft.  below  the  keel  in  a  lock  is  unquestionably  more 
than  is  needed.  Large  vessels  pass  through  the  St.  Marys  Falls  Canal 
drawing  practically  every  inch  of  water  which  the  elevation  of  the 
sill  will  permit,  and  sometimes,  strangely  enough,  a  little  more. 

Table  1  is  possibly  a  little  misleading  in  its  reference  to  the  actual 
and  the  assumed  dry  season.  It  is  true  that  the  actual  number  of 
rainless  months  on  the  Isthmus  sometimes  exceeds  the  ordinarily 
assumed  length  of  the  dry  season,  but  as  far  as  its  effect  on  the  water 
supply  of  Lake  Gatun  is  concerned,  this  is  not  important.     The  rivers 

*  Lt.-Col.,  Corps  of  Engineers,  U.  S.  Army. 
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continue  to  run  with  much  more  than  their  ordinary  dry-season  flow  Mr. 
for  some  time  after  the  rains  have  ceased,  so  that  if  a  rainless  season  of  ^  ^^^' 
5  months  is  assumed,  there  would  only  be  a  season  of  4  months  of 
minimum  water  supply  in  the  lake.  These  periods,  of  course,  are  given 
in  round  figures,  but  they  will  justify  Mr.  Sorzano  in  assuming  in  his 
computations  a  dry  season  of  only  120  days,  although  indicating  one 
of  more  than  150  days  in  Table  1.  Mr.  Sorzano,  however,  has  overstated 
his  case  in  saying  that  "the  average  discharge  of  all  the  streams  that 
can  empty  into  the  proposed  high-level  lake  at  Gatun,  will  rarely 
exceed  1 100  cu.  ft.  per  sec.  in  dry  years."  The  minimum  daily  average 
for  the  4  months  of  the  dry  season,  namely,  the  average  in  the  worst 
known  dry  season  for  19  years  is  1 190  cu.  ft.  per  sec,  and  the  average 
dry  season  has  a  daily  average  discharge  of  3  030  cu.  ft.  per  sec.  For 
the  3  driest  months,  the  discharge  is  less,  but  the  quantity  stored  in  the 
lake,  if  distributed  over  3  months  instead  of  4,  would  more  than  make 
up  the  difference. 

It  is  in  its  assumptions  as  to  the  consumption  of  water  that  the 
paper  differs  most  from  discussions  which  have  led  to  the  usual  belief 
in  the  adequacy  of  the  water  supply.  The  assumption  as  to  surface 
evaporation  is  somewhat  greater  than  that  which  experience  on  the 
Isthmus  seems  to  justify.  The  average  evaporation  for  the  dry  months, 
shown  by  observations,  is  6.6  in.  per  month  for  the  3  driest  months, 
and  6.026  in.  when  the  dry  season  is  considered  4  months  long.  In  the 
remaining  months  of  the  year  it  is  approximately  one-half  of  this. 
Mr.  Sorzano's  assumption  of  i  in.  or  more  per  day  is  somewhat  in 
excess  of  the  actual  determined  amount.  The  writer,  however,  believes 
that  a  credit  to  the  water  supply  of  considerable  moment  has  been  over- 
looked. The  contribution  to  the  waters  of  the  lake  during  the  dry 
season  is  the  discharge  of  the  Chagres  Kiver  and  its  tributary  streams. 
Its  stated  amount  has  been  estimated,  not  from  the  rainfall  and  catch- 
ment area,  but  from  the  measured  discharge  of  the  rivers  in  the  dry 
months.  During  these  months,  as  well  as  during  the  rainy  months,  the 
area  which  will  eventually  lie  under  the  water  of  the  lake  is  now  covered 
by  a  dense  growth  of  lush  vegetation,  which,  even  in  the  dry  season, 
draws  up  and  gives  off  to  the  air  a  tremendous  amount  of  moisture 
which  never  appears  in  the  measured  discharge  of  the  rivers.  It  is 
known  that  the  amount  so  given  off  by  growing  vegetation  may  reach 
approximately  the  figures  assumed  for  the  evaporation.  This  loss  will 
cease  when  that  from  evaporation  comes  in.  In  debiting  the  lake  with 
evaporation  from  its  surface,  one  should  not  forget  to  credit  it  with 
the  unknown  amount  by  which  the  river  flow  is  now  reduced  through 
the  medium  of  vegetation  growing  over  the  lake  bed.  No  fixed  value 
has  been  attributed  to  this  amount  in  any  discussion  of  the  lake  supply. 
It  has  been  held  simply  as  an  indefinite  although  considerable  reserve. 
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Mr.  Mr.  Sorzano's  evident  respect  for  border  evaporation,  or  "fly-off,"  indi- 
°  ^  '■  cates  that  he  will  probably  be  sensible  of  the  importance  to  be  attached 
to  this  reserve. 

In  connection  with  border  evaporation,  Mr.  Sorzano  states  that  the 
drying  up  of  the  lake  "in  every  dry  season,  will  uncover  an  area  of 
land  measuring  more  than  100  sq.  miles."  This,  of  course,  depends  on 
how  much  of  it  dries  up.  The  area  of  the  lake,  at  +  87,  is  167.4 
sq.  miles,  and  at  +  80,  is  153.3  sq.  miles.  The  writer's  studies  lead  him 
to  believe  that  it  will  not  dry  up  even  as  far  as  the  latter  reference,  and 
if  it  does,  Mr.  Sorzano's  area  of  100  sq.  miles  will  be  reduced  to  less 
than  14  sq.  miles.  In  the  average  dry  season  the  writer  believes  that  the 
lake  will  not  shrink  noticeably. 

As  for  the  percolation  through  the  bottom  and  sides  of  the  reservoir, 
the  author  admits  that  it  can  only  be  guessed  at,  and  the  writer  gives 
cordial  assent  to  that  proposition.  Efforts  to  determine  it,  however, 
have  not  been  lacking.  The  gentleman  whom  Mr.  Sorzano  compliments 
as  being  a  very  able  engineer,  and  from  whom  he  quotes  as  to  certain 
experiments  for  the  foundations  of  the  dam  at  Gatun,  has  also  made 
quite  extensive  borings  at  different  portions  of  the  rim  of  the  reservoir 
area  and  of  its  bed,  in  places  where  the  configuration  and  geological 
formation  of  the  soil  indicated  that  such  investigations  were  most 
necessary.  The  result  of  these  investigations  has  not  shown  any  area 
which  can  be  regarded  as  dangerous,  and  has  strengthened  the  confi- 
dence of  the  engineers  on  the  Isthmus  that  the  percolation  through  the 
bed  and  walls  of  the  reservoir  will  not  be  a  matter  of  serious  importance. 
In  reference  to  this  matter,  the  fact  is  worthy  of  notice  that  the 
Camacho  Reservoir,  to  which  Mr.  Sorzano  alludes  as  a  horrible  example 
of  the  permeability  of  Isthmian  rock,  supplies,  from  a  water-shed  of 
about  1  sq.  mile,  a  total  of  about  2  000  000  gal.  daily.  This  amounts 
to  a  flow  of  3.1  cu.  ft.  per  sec,  aside  from  all  losses  due  to  evaporation, 
percolation,  "fly-off,"  and  what-not.  Such  a  flow  over  the  water-shed 
tributary  to  Lake  Gatun,  after  deduction  for  the  losses  mentioned, 
would  leave  about  4  000  cu.  ft.  per  sec.  available,  an  amount  greatly 
in  excess  of  any  probable  need. 

The  author's  discussion  of  the  consumption  of  water  in  lockage 
requires  a  little  correction.  Owing  to  the  fact  that  the  upper  lock 
in  the  Gatun  and  Miraflores  flights  is,  for  certain  reasons,  somewhat 
larger  in  area  than  the  lower  ones,  the  lifts  between  the  upper  and  lower 
pools  at  these  localities  are  not  divided  equally  among  the  locks,  and,  at 
Gatun,  the  normal  lift  of  the  upper  1  000-ft.  lock  will  be  26.38  ft.,  when 
the  lake  is  at  +  85  and  the  sea  below  at  mean  level.  The  lift  of  the 
other  two  1  000-ft.  locks  at  Gatun  will  be  29.31  ft.  each,  at  the  same 
water  stages.  At  Pedro  Miguel  the  normal  lift  will  be  30  ft.  at  lake 
levels  of  85  and  55,  and,  at  Miraflores,  the  normal  lift  of  the  upper 
1  000-ft.  lock,  with  the  lake  at  -f-  55  and  the  sea  at  mean  tide,  will  be 
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26.10  ft.,  while  the  lift  of  the  lower  lock  will  be  28.90  ft.    These  figures     Mr. 
will  alter  somewhat  the  lockage  prisms  assumed  by  the  author.  Hodges. 

Neglecting  losses  by  leakage,  etc.,  the  total  draft  on  the  summit 
level,  due  to  the  passage  of  a  vessel  through  the  Canal,  should  be  two 
prisms  of  lift  and  no  more.  These  two  prisms  are  those  in  the  upper 
locks  at  Gatun  and  at  Miraflores,  and  since,  for  reasons  which  will 
appear  later,  the  opportunity  of  saving  water  at  Pedro  Miguel  is  so 
much  greater  than  at  Miraflores,  the  latter  place  will  rule  the  water 
consumption.  The  displacement  of  the  vessel,  although  mentioned  by 
Mr.  Sorzano,  does  not  have  any  influence  on  the  net  result  of  a  com- 
plete passage.  It  increases  the  consumption  for  a  vessel  going  up  and 
decreases  that  for  one  on  its  downward  lockage.  Neither  of  the  two 
prisms  of  lift  which  each  passage  takes  from  the  lake,  however,  must, 
of  necessity,  be  a  full  prism;  and  that  leads  to  an  investigation  of  the 
statement,  inferentially  accepted  by  Mr.  Sorzano,  that  intermediate 
gates  cannot  be  used  to  advantage  in  the  three-lift  flight  at  Gatun. 
This  statement  crept  into  the  Report  of  the  Board  of  Consulting  Engi- 
neers of  1905,  and,  apparently,  has  received  circulation  and  acceptance 
since.  The  writer  craves  indulgence  for  an  endeavor  to  prove  its 
fallacy. 
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In  considering  the  operation  of  the  twin  flight  of  locks,  it  should 
be  remembered  that  it  is  intended  to  reserve  one  flight  for  up-bound 
and  one  flight  for  down-bound  vessels.  The  water  in  each  lock  of  the 
up-bound  flight  will  regularly  be  left  at  its  high  level,  and  in  the  down- 
bound  flight,  regularly  at  its  low  level.  Let  Fig.  1  represent  a  three- 
lift  flight  of  locks,  each  divided,  as  are  those  proposed  for  Gatun,  into 
two  unequal  parts  by  intermediate  gates,  n-e,  d-h,  and  l-m.  Let  the 
chambers.  A,  A^^  and  A^,  be  equal  in  area,  and  call  this  area  A,  and 
represent  the  area  of  the  lock,  B^,  by  B.  Suppose  a  vessel  to  have 
passed  down,  using  the  550-ft.  locks;  then,  since  it  must  pass  from 
lock  A^  to  A^,  through  B^y  and  the  gate,  g-r,  must  then  be  shut  to  lower 
the  boat  to  sea  level,  it  follows  that  the  level  in  B^  as  well  as  in  A^,  after 
the  downward  passage  of  the  vessel,  will  be  the  high  level  of  the  lock  A.,. 
Represent  the  lift  between  the  high  levels  of  successive  subdivisions, 
as  follows:  B    io  A    =  o; 

A    to  ^1  =  x; 

to  B^  =  y; 

to  A^  =  z; 

to  sea=  w. 
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Mr.  Fill  A  to  lake  level,  n-o,  and  admit  the  vessel;  close  the  barrier  n-e. 

Hodges.  Then,  since  the  level  in  ^^  and  B^  is  the  high  level  of  A^,  represented 
by  the  line,  e-l^  the  total  quantity  of  water  above  that  level,  e-l,  in  the 
tv70  locks,  A  and  A^,  before  equalizing,  is  represented  by  the  prism, 
n-e-i-o.  If,  now,  keeping  the  gates  and  valves  in  the  barriers,  n-e  and 
d-hj  closed,  the  valves  in  the  barrier,  o-i,  be  opened,  the  water  level,  n-Oj 
in  A,  and,  i-h,  in  A^,  will  equalize  at  p-d.  The  prism,  c-e-h-d,  which 
is  now  above  e-l,  must  be  equal  to  the  prism,  n-e-i-o,  which  was  above 
that  level  before  equalizing.  From  this  we  have,  since  o-p  is  equal  to 
X,  p-q  to  y,  and  q-i  to  z,  and  the  areas  of  A  and  A^  are  equal: 

A  (x  -{-  y  -\-  z)  =2  A  (y  -\-  z);  hence,  x  =  y  -{-  z (1) 

Since  the  barrier  at  d-h  was  kept  closed,  the  level  in  5^  during  this 
operation  has  remained  at  h-h.  Let  the  vessel  now  be  passed  into  the 
lock,  A^,  and  the  gate  and  valves  in  o-h  be  closed.  In  ^^  and  5^  the 
total  prism  above  h-h  is  p-i-h-d,  equal  to  A  (z  -{-  y).  Open  the  valves 
in  d-h  and  the  water  levels  in  A^  and  B^  will  equalize  at  some  level, 
q-g,  the  total  prism  above  h-h  now  being  q-i-h-g,  equal  to  {A  -\-  B)  z. 
Equating  these  two  prisms,  we  have: 

A{y-\-z)^{A+  B,)  z;  hence  ^  =  "^^ (2) 

Now  open  gate,  d-h,  and  the  valves  in  g-r,  and  equalize  the  levels 
between  the  combined  chamber  A^-B-^,  and  the  chamber  A^  \n  which 
the  water  level  is  at  the  line,  r-m.  Equalization  will  take  place  at  some 
level,  h-l,  at  a  distance,  w,  above  sea  level,  and,  by  the  reasoning  already 
followed,  we  have  the  prism,  q-lc-r-g,  equal  to  the  prism,  i-h-m-l,  or, 

(A  -^B)  {z  +  w)  =  (2A  +  B)  w;  hence  Aw  =  z{A-^B)..{^) 

Combining  Equations  2  and  3,  we  have  id  =  -^(A  -f  B)  =— — ^  +  y- 

B  B 

Combining  Equations  1  and  2,  we  also  have  x  =  — -   +  y  ;    hence 

x  ^=  w.  We  find,  therefore,  that  x,  which  we  know  to  be  equal  to 
y  +  ^,  is  also  equal  to  w,  and  consequently,  that  the  lifts  between  con- 
secutive 550-ft.  locks  are  the  same.  Now  admitting  the  vessel  to  the 
chamber  A^  and  closing  the  barrier  g-r,  the  water  in  ^12  can  be  lowered 
to  sea  level  through  the  valves  in  l-m,  and  the  vessel  passed  out  through 
B^  with  the  total  loss  of  the  prism,  h-r-m-l,  which  is  A  w,  and  equal  to 
the  prism,  A  x,  origiiially  taken  from  the  upper  level.  The  levels  in 
the  flight  will  be  left  as  found. 

In  order  to  accomplish  the  result  it  is  necessary  only  that  after  the 
vessel  has  been  admitted  from  the  combined  lock  chamber,  A^  -\-  B^,  to 
the  550-ft.  lock  chamber,  A  2' closed  below  by  the  barrier  Z-m,  the  barrier 
g-r  should  be  closed  behind  it  before  it  is  lov/ered  from  the  level,  h-l,  to 
sea  level.     In  this  way  the  vessel  drawing  full  draft  can  be  passed 
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through  the  flight  with  only  the  expenditure  of  water  due  to  the  prism  Mr. 
of  area  A,  or  the  550-ft.  lock,  and  the  height,  x,  or  y  -\-  z,  or  w,  equal  ^*^^^^^- 
to  one-third  of  A.  The  lock,  B^,  becomes  practically  a  portion  of  an 
intermediate  canal,  the  water  level  never  going  below  the  normal  high 
level  in  A^,  or  li-l.  There  is  no  necessity  for  making  two  operations, 
as  indicated  above,  of  lowering  the  vessel  from  'g-d  to  li-l.  The  valves 
in  d-h  and  g-r  may  be  opened  at  once,  allowing  the  prisms  in  A^  and 
Bj  to  flow  simultaneously  into  A^,  thus  avoiding  a  slight  loss  of  time. 

If  one  takes  the  up-bound  instead  of  the  down-bound  flight,  the 
locks  will  regularly  be  found  full,  but  the  reversal  of  the  operation  will 
lift  a  vessel  of  suitable  size  from  the  low  level  to  the  high  level  with 
only  the  expenditure  of  one  550-ft.  prism  of  lift,  and  without  necessitat- 
ing diminution  in  draft  or  delay  in  transit.  A  similar  discussion  will 
show  that  even  the  smaller  350-ft.  lock  may  be  used,  with  a  very  small 
expenditure  of  water,  in  locking  small  vessels  through.  The  operation 
is  somewhat  more  complicated,  as  the  lock  flight  is  divided  into  more 
lifts  in  order  to  accomplish  this  end,  but  the  lifts  are  lessened  and 
the  time  of  each  lockage,  therefore,  is  made  shorter;  so  that,  while 
the  lockages  would  be  increased  in  number,  it  is  doubtful  if  any  in- 
crease in  the  time  of  passage  would  result.  The  saving  of  water 
through  the  use  of  the  smaller  locks  is  continuous  as  long  as  the  series 
of  small  lockages  remains  uninterrupted.  Under  certain  circumstances, 
the  interruption  of  the  series  by  a  vessel  requiring  the  full  size  and  full 
depth  nullifies  the  saving  due  to  one  of  the  previous  lockages. 

The  writer  feels  that  he  owes  an  apology  for  the  length  of  the  fore- 
going demonstration,  but  he  has  thought  it  necessary  in  view  of  the 
general  acceptance  of  the  statement  that  intermediate  gates  cannot  be 
used  to  advantage  in  the  three-lift  flight. 

There  is  also  another  means  of  saving  lockage  water,  of  which  Mr. 
Sorzano  had  probably  no  information.  The  middle  walls  of  the  locks 
are  designed  so  that  communication,  controlled  by  valves,  can  be  opened 
between  the  twin-lock  chambers,  and  one  can  be  used  as  a  reservoir 
for  a  portion  of  the  prism  of  lift  in  the  other.  A  lockage  in  one  direc- 
tion may  then  require  only  a  portion  of  the  normal  prism,  leaving  the 
remainder  stored  up  for  use  in  the  upper  twin  lock  of  the  other  flight. 
Such  saving  in  case  of  the  flights  is  possible  only  with  vessels  which 
do  not  require  the  full  draft  of  the  normal  prism  over  the  sills,  but 
it  is  very  evident  that  the  great  majority  of  vessels  will  be  of  this 
description,  especially  those  which  can  pass  through  the  smaller  locks. 
The  possible  saving  due  to  this  cross-storage  of  water  is  greatest  at 
Pedro  Miguel,  where  there  will  be  no  loss  of  depth  by  cross-filling,  and 
where,  under  the  most  favorable  circumstances,  50%  of  the  lockage 
water  can  be  saved,  and  under  ordinary  circumstances  a  quantity  vary- 
ing between  25  and  50  per  cent.    It  is  less  at  Gatun  where  the  maxi- 
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Mr.  mum  possible  saving  is  about  24%;  and  it  seems  safe  to  count  on 
Hodg.s.  ^^^^^  -j^g  pg^  ^gj^^^  ^^  Miraflores,  the  saving  should  be  intermediate 
between  that  at  Gatun  and  at  Pedro  Miguel.  The  existence  of  this 
possible  saving  is  the  ground  for  the  previous  statement  that  the 
expenditure  of  water  will  be  ruled  by  Gatun  and  Miraflores,  rather 
than  by  Gatun  and  Pedro  Miguel. 

Mr.  Sorzano  may  be  correct  in  his  opinion  that  the  development 
of  commerce  will  lead  to  the  use  of  the  large  locks  with  a  number  of 
vessels,  instead  of  the  small  locks  with  one  or  two  ships.  If  this  be 
the  case,  each  lockage  will  mean  several  passages  instead  of  one  or  two, 
and  the  net  result  to  commerce  will  be  approximately  the  same.  Each 
one  of  the  fleet  lockages  will  take  a  longer  time  than  the  one  involving 
a  single  vessel,  and,  consequently,  there  will  be  fewer  of  them  in  the 
course  of  the  24  hours. 

It  is  difficult  to  foretell  Just  what  line  of  development  commerce 
will  take.  When  the  Poe  Lock  at  St.  Marys  Falls  Canal  was  designed, 
its  dimensions  were  based  on  the  methods  of  Lake  carriage  then  exist- 
ing, with  one  steam  barge  and  a  number  of  tow  barges,  it  being  in- 
tended to  take  in,  as  far  as  possible,  one  entire  tow,  two  ships  abreast. 
Methods  of  carriage  on  the  Upper  Lakes  have  changed  since  then,  the 
large  single  vessel  having  come  to  the  front;  and  if  the  lock  were  to  be 
built  now,  less  attention  would  be  given  to  taking  in  a  fleet  of  relatively 
small  vessels  two  abreast,  and  more  to  taking  in  two  large  vessels 
tandem.  The  canal  on  the  American  side  at  "The  Soo"  now  averages 
approximately  one  and  one-half  boats  per  lockage. 

The  author's  intimation  that  the  use  of  the  intermediate  gates  will 
be  objectionable  on  account  of  the  great  number  of  safety  appliances 
to  be  used  for  each  vessel  at  each  lock,  and  the  necessity  of  moving  all 
vessels  at  extremely  slow  speed,  can  apply  only  to  the  use  of  the  350-ft. 
lock.  No  more  movements  are  necessary  in  locking  with  the  550-ft. 
lock  than  with  the  1  000-f t.  lock.  '  As  stated  before,  however,  when  the 
small  350-ft.  lock  is  in  action,  the  method  of  operation  may  be  such  as 
to  increase  the  number  of  lifts  in  order  to  save  the  greatest  possible 
quantity  of  water.  Nevertheless,  it  is  not  necessary  that  the  number 
of  lifts  should  be  increased,  even  with  this  small  lock,  unless  full  draft 
is  needed,  and,  even  should  it  be  thus  increased,  the  lifts  themselves 
are  correspondingly  diminished,  the  time  of  each  lockage  is  correspond- 
ingly reduced,  and,  furthermore,  the  small  size  of  the  vessel  will  render 
its  movement  from  lock  to  lock  more  easy  and  rapid.  The  writer  is 
not  inclined  to  accept,  without  reserve,  the  general  statement  that  the 
use  of  the  intermediate  gates  will  be  attended  by  delay,  believing  that 
the  reverse  will  be  the  case. 

The  author's  estimate  of  the  water  used  for  hydro-electric  plants 
indicates  that  he  has  been  misled  by  the  knowledge  that  the  Commis- 
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sion  is  now  building  two  generating  plants  at  Gatun  and  Miraflores.      Mr. 
Apparently,  he  has  assumed  that  it  is  intended  to  generate  the  full     ^^^^*'- 
power  at  these  two  localities,  and,  therefore,  he  has  stated  that  "it  is 
intended  to  use  about  6  000  h.p." 

The  present  intention  is  to  develop  for  operation  somewhat  less 
than  2  000  h.p.,  and  this  at  Gatun.  Ordinarily,  the  Miraflores  plant  is 
intended  to  lie  idle,  and  only  a  part  of  the  Gatun  plant  is  to  be  in  use. 
During  the  period  of  construction  it  is  necessary  to  have  the  two  plants, 
and,  using  steam,  to  develop  a  power  considerably  greater  than  is  con- 
templated for  the  operation  of  the  Canal  in  after  years,  when  the  power 
will  be  developed  by  water.  The  calculations  which  have  been  made 
on  the  Isthmus  as  to  the  water  supply  assume  an  expenditure  of  275 
cu.  ft.  per  sec.  for  the  permanent  development.  After  the  Gatun  plant 
begins  to  supply  the  operating  needs,  the  Miraflores  plant,  which  will 
still  have  auxiliary  boiler  capacity,  will  be  held  in  reserve  ready  to  be 
thrown  into  the  line  in  case  of  any  failure.  Having  boilers  installed, 
steam  can  be  used  should  it  be  found  desirable  for  any  reason,  in  which 
case  the  estimated  expenditure  of  275  cu.  ft.  per  sec.  from  the  lake 
will  cease. 

In  the  author's  discussion  of  the  losses  due  to  gates  and  valves, 
he  has  been  rather  hard  on  the  Canal.  It  is  true  that  the  Gatun  locks 
will  have  40  gate  leaves  and  a  great  number  of  valves,  but  there  are  only 
4  gate  leaves  and  3  sets  of  culvert  valves  there  through  which  the  lake 
will  lose  water.  The  others  will  have  their  own  leakage  supplied  by 
the  leakage  from  above.  If  it  be  assumed  that  there  is  an  opening 
sV  in.  wide  around  the  meeting  faces  of  the  effective  gates  and  valves, 
the  leakage  at  Gatun  will  not  reach  half  the  amount  mentioned  by 
Mr.  Sorzano.  The  assumptions  made  on  the  Isthmus  as  to  the  leakage 
through  gates  and  valves,  including  the  spillway,  give  a  combined 
total  of  275  cu.  ft.  per  sec.  for  both  ends  of  the  upper  level. 

Any  conclusions  as  to  the  water  to  be  wasted  in  maintenance  opera- 
tions (Cause  VII  in  the  paper),  must  be  largely  guesswork.  Undoubt- 
edly, however,  most  of  the  intentional  operations  which  will  involve 
waste  of  water  can  be  made  to  occur  during  the  rainy  season,  when 
the  loss  is  of  no  consequence.  The  writer  cannot  possibly  accept  the 
author's  claim  that  125  cu.  ft.  per  sec.  must  be  chargeable  to  these 
operations,  including  the  power  plants  and  hydraulic  motors  operating 
on  Lake  Gatun.  If  these  plants  and  motors  are  private  property,  it 
will  be  a  very  simple  matter  for  the  Government  to  stop  any  draft  cf 
water  should  it  be  found  desirable.  It  is  not  part  of  the  duty  of  the 
Canal  to  supply  them.  If,  on  the  other  hand,  the  author  refers  to  the 
Government  plant,  that  has  been  reckoned  in  elsewhere. 

The  author's  statement  that  the  safety  appliances  and  towing  devices, 
now  arranged  for  double-track  service,  will  make  single-track  operation 


104  DISCUSSION  :     water   supply   for   PANAMA    CANAL 

Mr.  very  dangerous,  does  not  appear  to  the  writer  to  be  justified.  Single- 
^  ^^  track  operation  of  a  flight  of  locks  is  undoubtedly  less  convenient  than 
double-track  operation,  but  the  safety  appliances  and  towing  devices, 
to  which  the  author  alludes,  introduce  into  the  single-track  operation 
no  element  of  danger  not  present  in  the  double-track  operation.  The 
twin  flights  of  locks  are  intended  to  be  entirely  independent  of  each 
other  in  this  regard. 

The  author's  Cause  IX,  "Losses  due  to  False  Maneuvers  and  Acci- 
dents," is  also  a  matter  of  speculation.  He  mentions,  however,  the 
1 104  hours  of  stoppage  due  to  breakage  at  the  St.  Marys  Falls  Canal, 
Mich.,  during  its  2  007  days  of  operation,  as  an  indication  of  the 
amount  of  water  loss  which  may  be  expected  in  the  Panama  Canal. 
There  is  no  statement  of  how  much  water  loss  at  "The  Soo"  was 
involved  by  these  hours  of  delay.  From  the  best  of  the  writer's  in- 
formation, he  is  inclined  to  believe  that  there  was  considerable  time 
lost,  but  very  little  water. 

The  losses  at  the  spillways  and  regulating  gates  of  the  Panama 
Canal  can  be  controlled  to  a  certain  extent.  The  discharge  over  the 
spillway  is  to  be  regulated  by  crest  gates  about  19  ft.  high,  under  the 
lower  edge  of  which  the  flow  will  take  place.  When  these  gates  are 
closed,  it  does  not  seem  to  be  impracticable  to  pack  the  vertical  edges 
and  sill  in  such  way  that  there  will  be  little,  if  any,  leakage,  even 
under  the  16-ft.  head  to  which  they  will  be  exposed. 

The  author's  Cause  X,  "Miscellaneous  Losses,"  also  seems  to  the 
writer  to  be  somewhat  overdrawn.  Among  these  losses  he  includes 
all  the  needs  of  the  population  and  industries  which  may  locate  around 
the  borders  of  the  lake  and  on  its  numerous  islands.  The  population 
of  the  country  during  the  construction  of  the  Canal  is  very  much 
greater  than  it  was  before,  and  the  needs  of  this  increased  population 
are  now  adequately  supplied  by  reservoirs  which  lie  either  above  the 
level  of  Lake  Gatun  or  are  not  tributary  to  it  at  all,  and  the  waters 
impounded  in  these  reservoirs  are  not  counted  in  the  estimated  lake 
supply.  If  these  reservoirs  prove  insufficient  for  future  consumption, 
they  can  be  supplemented  by  others  which  will  store  wet-season  water 
for  dry-season  use,  without  affecting  the  dry-season  supply  for  Lake 
Gatun.  Mr.  Sorzano  also  mentions  the  consumption  and  replenishing 
of  all  passing  vessels  and  craft  using  the  Canal.  If  this  prove  a 
source  of  inconvenience,  the  vessels  can  be  made  to  get  their  water 
supply  elsewhere,  as  they  do  now,  and  as  they  would  have  to,  were  the 
Canal  to  be  built  at  sea  level. 

He  also  mentions  the  losses  and  waste  at  the  intermediate  section 
from  Pedro  Miguel  to  the  sea-level  section  at  Miraflores,  due  to  evapora- 
tion, percolation,  "fly-off,"  etc.  Of  course,  there  will  be  evaporation 
from  the  small  lake  at  Miraflores,  but  it  also  has  certain  small  inde- 


discussion:    water  supply  for  Panama  canal 


105 


pendent  sources  of  supply  which  are  greater  in  proportion  to  its  area      Mr. 
than  those  of  Lake  Gatun.     It  need  not  draw  on  the  latter  to  supply  ^*^*^^*^^- 
its  losses  by  evaporation,  etc. 

Assuming  the  area  of  Lake  Gatun  at  164  sq.  miles,  and  the  depth 
of  storage  available,  as  stated  by  Mr.  Sorzano,  at  7  ft.,  namely,  from 
+  80  to  +  87,  the  total  volume  of  water  thus  stored  is  equivalent  to  a 
flow  of  3  090  cu.  ft.  per  sec,  for  120  days.  Adding  this  to  the  minimum 
supply  of  1 190  cu.  ft.  per  sec.  gives  a  total  supply  of  4  280  cu.  ft.  per 
sec.  available  for  all  uses  during  the  dry  season  of  4  months,  without 
drawing  the  lake  down  below  +  80. 

The  observed  rate  of  evaporation  during  a  dry  season  of  4  months 
is  equivalent  to  a  flow  of  930  cu.  ft.  per  sec.  for  the  lake  area.  In  his 
calculations,  the  writer  has  assumed  the  leakage  at  the  gates  and  valves 
at  275  cu.  ft.  per  sec;  seepage,  waste,  etc,  at  85  cu.  ft.  per  sec;  and 
lighting,  power,  etc,  at  275  cu.  ft.  per  sec-  In  this  assumption,  as 
well  as  in  Mr.  Sorzano's,  the  credit  due  to  saving  in  the  lake  the 
quantity  of  water  which  is  now  poured  out  by  the  vegetation  covering 
its  bed  has  been  neglected,  and  the  element  of  percolation  in  the  bed, 
which  is  entirely  unknown,  has  been  omitted.  The  quantity  of  water 
required  for  lockage  has  been  obtained  by  the  following  assumptions, 
which  may  or  may  not  prove  to  be  justified  in  fact.  The  writer  gives 
them  for  what  they  are  worth. 

TABLE  8. 


(1) 

(2) 
Area. 

(3) 
Normal  Lift. 

(4) 

Total  water 

for  complete 

passage,  in 

cubic  feet. 

(5) 

^  (V  o 

(6) 

(7) 

0& 

(8) 

£     bib 
^     ■— 
bcocrt 

^     1 

Column  7     ^ 

corrected  for  « 

Column  8.    '^ 

Lock. 

Gatun. 

Mira- 
flores.* 

1000  ft 

900  ft 

550  ft 

350  ft 

133  800 
122  800 

82  400 
40  400 

26.38 
28.10 
28.33 

18.58 

26.10 
27.40 
32.75 
30.16 

7  022  000 
6  810  000 
5  033  000 
1  969  000 

81.5 
78.9 
58.3 

22.8 

5% 

150.0 
500/0 
300/0 

4.08 
11.83 
29.15 

6.84 

160/0 
160/0 
150/6 
11% 

3.42 

9.93 

24.77 

6. OS 

Totals 

51.90 



44.2 

*  No  intermediate  gates  in  lower  lock  at  Miraflores. 

The  plan  of  the  upper  lock  is  such  that  lengths  of  1  000  ft.,  900  ft., 
550  ft.,  or  350  ft.  can  be  used,  the  550-ft.  and  350-ft.  lengths  being 
capable,  by  squeezing,  of  increase  to  about  600  ft.  and  400  ft.,  re- 
spectively. In  preparing  Table  8,  the  assumption  has  been  made  that 
5%  of  the  vessels  arriving  would  require  the  1  000-ft.  lock;  that  15% 
would  require  the  900-ft.  lock;  that  50%  will  pass  in  the  550-ft.  lock,  and 
the  remaining  30%  in  the  350-ft.  lock.  With  these  assumptions,  and  tak- 
ing into  consideration  the  saving  in  water  which  can  be  effected  by  cross- 
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Mr.  filling,  the  total  average  consumption  for  one  passage  per  day,  i.  e.,  for 
°  ^''^'  two  prisms  of  lift  each  day,  is  44.2  cu.  ft.  per  sec.  Neglecting  any  ad- 
vantage to  be  derived  from  cross-filling,  it  is  51.9  cu.  ft.  per  sec.  Deduct- 
ing the  sources  of  loss  assumed  above  from  the  total  available  supply 
would  give  4  280  —  1  535  =  2  745  cu.  ft.  per  sec,  which,  at  the  calculated 
value  for  cross-filled  lockage,  will  allow  48  complete  passages  of  the 
Isthmus  per  day  with  a  remainder  of  623  cu.  ft.  per  sec.  as  a  margin.  The 
writer  believes  this  margin  to  be  sufficient  to  cover  underestimate  of 
losses,  and  feels  confident  that  the  water  supply  will  prove  adequate 
to  the  needs  of  the  Canal  for  a  great  many  years,  if  not  for  all  time 
to  come.  Should  it  ever  become  necessary  to  increase  it,  this  can  be 
done  very  simply  by  the  construction  of  a  dam  on  the  Upper  Chagres 
River,  at  Alhajuela  or  elsewhere,  which  will  permit  of  increased  storage 
to  supply  the  deficiency  during  the  dry  season.  The  duty  of  building 
this  dam  may  be  properly  left  to  posterity,  should  the  need  ever  arise. 

The  foregoing  estimate  of  the  water  supply  is  based  on  the  minimum 
observed  daily  average  for  the  4  dry  months,  viz.,  1 190  cu.  ft.  per  sec. 
The  daily  average  supply  for  the  average  dry  season  of  4  months  is 
much  greater,  being  3  030  cu.  ft.  per  sec.  In  the  average  year,  there- 
fore, the  surplus  will  be  greatly  increased. 

In  the  foregoing,  as  in  Mr.  Sorzano's  paper,  a  Y-ft.  storage,  from  +  80 
to  +  87  in  Lake  Gatun,  has  been  assumed.  In  the  recent  plans,  the 
storage  has  usually  been  taken  at  only  5  ft.,  from  -f-  82  to  +  87,  and 
even  with  this  reduced  variation  in  level,  it  is  thought  that  the  supply 
is  sufficient  for  all  lockages  through  a  dry  season  of  minimum  flow. 
In  other  words,  instead  of  the  lake  level  being  reduced,  as  concluded 
by  IVTr.  Sorzano,  it  will  not  be  necessary  to  bring  it  below  +  82,  giving 
a  depth  of  42  ft.  in  the  Culebra  Cut,  under  the  most  unfavorable  cir- 
cumstances. For  many  years  it  may  be  held  desirable  to  operate  at  a 
lower  level,  until  vessels  requiring  the  full  draft  desire  to  use  this 
route;  but,  in  the  writer's  judgment,  there  will  be  no  necessity,  due  to 
scarcity  of  water,  for  such  low-level  operation. 

Mr.  Theodore  Paschke,  M.  Am.  Soc.  C.  E.   (by  letter). — The  author 

Pasch  e.  j^^^  treated  his  subject  most  ably.  His  conclusions  are  startling,  and 
if,  after  a  full  discussion,  they  still  prove  to  be  approximately  correct, 
they  are  a  severe  arraignment  of  the  designs  for  this  great  work. 

Of  the  various  items  affecting  the  water  supply  of  the  Canal,  Cause 
III,  "Percolation  through  the  bottom  and  sides  of  the  reservoir,"  has 
attracted  the  writer's  particular  attention,  as  it  embraces  a  feature 
which  has  not  been  mentioned  in  the  paper,  and,  apparently,  has  been 
overlooked  by  Mr.  Sorzano. 

The  author's  deduction  that  the  water  level  of  the  lake  will  suffer 
a  certain  lowering  during  the  4  months  of  dry  season,  by  percolation 
or  seepage  through  the  bottom  and  sides,  is  based  on  certain  assump- 
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tions  of  the  existence  of  fissures  and  seams  in  the  rock  formations  and      Mr. 
the  general  porosity  of  the  subsoils  in  the  locality,  all  of  which  in  turn    ^'^'-■^'•^^• 
have  been  the  subject  of  close  scrutiny,  investigation,  tests,  and  other 
researches  by  the  Canal  engineers.     These  assumptions,  therefore,  are 
fair  and  are  not  to  be  gainsaid. 

For  the  sake  of  argument,  it  is  also  admitted  that  the  deductions 
therefrom — the  amount  of  seepage — will  conform  to  the  conditions 
existing  when  the  reservoir  is  first  being  filled.  From  that  time,  sedi- 
mentation will  take  place  all  over  the  bottom  and  sides  of  the  lake,  and 
attention  is  called  to  this  feature.  If  the  writer  is  not  misinformed, 
the  soils  which  overlie  the  rock  formation  of  the  Isthmus  are  composed 
mainly  of  volcanic  deposits.  These  soils  yield  easily  to  the  erosive 
action  of  running  water  resulting  from  the  torrential  downpours 
peculiar  to  the  rainy  season  in  the  tropics. 

In  a  stream  like  the  Chagres,  having  its  origin  in  a  mountainous 
region  overlaid  by  such  volcanic  deposits,  the  flood  waters  are  charged 
to  their  capacity  with  the  eroded  particles  of  the  soil.  The  finer 
particles,  held  in  suspension,  are  never  deposited  along  the  sides  or 
bottom  of  the  stream,  but,  impelled  by  the  current,  are  carried  out  to 
sea  to  furnish  material  for  new  combinations  and  formations  in 
Nature's  great  workshop.  In  cases  where  the  flood  waters  overflow 
the  banks  of  the  stream  into  adjoining  and  comparatively  level  regions, 
where  the  flow  of  the  waters  is  arrested,  the  suspended  matter  is  slowly 
deposited,  thus  forming,  in  the  course  of  time,  a  well-nigh  impervious 
layer  over  these  stretches,  constituting  the  basis  for  the  swampy 
character  of  regions  which  otherwise,  due  to  their  elevations,  should 
drain  themselves. 

Only  the  coarser  and  washed  particles  carried  by  the  flood  waters 
are  found  deposited  in  old  and  new  river  beds.  The  opinion  is  here 
ventured  that  the  low  hills  of  the  Gatun  region  consist  of  such  washed- 
out  material  deposited  from  time  to  time  by  the  flood  waters  of  the 
Chagres.  This  would  explain  the  high  seepage  flow  through  some  of  the 
Gatun  soils  given  in  Table  3. 

By  throwing  the  artificial  barrier  across  the  Chagres  Valley  at 
Gatun,  the  waters  of  that  river  will  be  impounded  and  form  a  lake. 
The  effect  will  be  that  all  the  sediment  brought  down  by  the  flood  waters 
during  the  rainy  season  will  be  deposited  in  this  lake.  The  coarser 
and  heavier  particles  will  be  deposited  at  the  point  where  the  flood 
waters  come  in  contact  with  the  lake  water,  and  the  lighter  and  finer 
particles  will  be  carried  a  little  farther  before  they  settle  to  the  bottom. 
The  lightest  and  finest  particles,  however  (the  volcanic  dust  particles 
in  combination  with  organic  matter  held  in  suspension),  will  be  diffused 
throughout  the  waters  of  the  lake,  reaching  every  nook  and  corner, 
where  they  will  gradually  settle  to  the  bottom.     This  process  of  settle- 
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Mr.  ment  of  the  finer  particles  will  go  on  with  more  or  less  uniformity 
throughout  the  rainy  season,  which  lasts  about  8  months  of  the  year. 

It  is  not  difficult  to  foresee  the  final  result,  provided  the  Gatun 
Dam  stands  and  does  not  slip  and  disintegrate  (as  predicted  by  some), 
or  is  not  washed  out  on  account  of  some  ramming  accident  at  the 
locks  (as  predicted  by  others). 

Granted  that  the  soils  forming  the  sides  and  bottom  of  the  proposed 
lake  are  porous  and  that  the  underlying  rocks  are  shattered,  full  of 
seams  and  joints,  and  that  for  these  reasons  the  lake  bed,  at  the 
beginning,  will  be  nothing  more  than  an  immense  filtering  bed,  surely 
the  sedimentary  deposits  from  the  Chagres  and  other  inflowing  streams 
will  eventually  choke  up  the  filtering  features  and  ultimately  seal 
effectively  every  pore,  seam,  and  joint  in  the  material  forming  the  bed. 
Indeed  this  whole  process  is  nothing  more  than  a  gradual  filling  up  of 
the  lake  with  the  spreading  of  a  water-proof  blanket  over  the  bottom 
and  sides  in  advance  of  the  coarser  filling  material. 

The  views  here  advanced  are  not  born  of  a  desire  merely  to  criticize, 
but  represent  the  conclusions  reached  during  a  professional  experience 
of  12  years  in  one  of  the  Central  American  States,  during  which  the 
writer  had  ample  opportunity  for  observing  similar  phenomena  in 
reservoirs,  lakes,  and  rivers. 

In  conclusion  it  should  be  stated  that  these  views  should  not  be 
taken  as  a  defense  of  the  present  designs  of  the  great  work.  Any 
possible  modification  of  the  author's  calculations,  due  to  any  tendency 
to  retard  and  check  the  percolation  of  water  from  the  lake,  will  be  so 
slight  as  not  to  affect  in  the  main  his  general  conclusions,  which,  in 
the  writer's  opinion,  stand  unimpaired.  They  are  an  appeal  not  only 
to  engineers,  but  also  to  the  whole  American  people,  to  pause  and  think 
a  moment  over  the  possibility  of  having  the  traditional  national  reputa- 
tion for  sagacity  come  to  naught  by  any  short-sightedness  displayed  in 
the  persistence  of  the  present  designs  of  a  lock  canal. 

Mr.  Allen  Hazen,  M.  Am.  Soc.  C.  E.  (by  letter). — The  writer  will  dis- 

cuss only  one  feature  of  this  paper,  namely,  the  loss  of  water  by  perco- 
lation. The  author's  assumptions  as  to  percolation  differ  radically 
from  those  which  the  writer  has  made,  and  the  difference  represents 
the  greatest  single  difference  between  his  calculations  and  the  hydraulic 
calculations  which  were  used  in  making  the  Report  of  the  Consulting 
Engineers  in  February,  1909,  to  which  the  author  refers. 

Under  the  heading  "Seepage  Velocity  in  Gatun  Soils,"  reference 
is  made  to  certain  experiments  by  C.  M.  Saville,  M.  Am.  Soc.  C.  E., 
Assistant  Engineer  of  the  Commission.  From  this  report  the  author 
has  derived  conclusions  which  differ  from  the  writer's,  and  it  seems 
best  to  take  up  these  experiments  in  somewhat  greater  detail.     The 
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experiments  on  soils  are  described  on  page  138,  et  seq.,  of  the  Keport  of    Mr. 
the  Isthmian  Canal  Commission  for  1908.  Hazen. 

The  soils  were  placed  in  galvanized-iron  tanks,  39.36  in.  in  diameter, 
and  54.5  in.  high.  The  tanks  were  coated  inside  with  pitch  and  coarse 
sand.  In  the  center  of  the  bottom  a  connection  was  made  which  was 
protected  by  a  piece  of  wire  screening.  Two  |-in.  pipes,  with  perforated 
cross-pieces,  were  carried  through  the  sides  of  the  tanks  and  embedded 
in  the  material  to  be  tested.  These  were  connected  on  the  outside  with 
pressure  gauges  in  which  the  differences  in  head  were  observed.  The 
water  passing  was  collected  and  measured.  As  far  as  possible,  an  effort 
was  made  to  deposit  the  material  in  the  tanks  in  a  condition  similar 
to  that  when  found  in  place.  Every  effort  was  made  to  drive  out  all 
the  air  from  the  material,  and  a  constant  head  of  water  was  maintained. 

The  discharges  under  conditions  when  the  hydraulic  slope  equaled  1, 
or,  in  other  words,  when  the  head  available  to  make  water  pass  through 
was  equal  to  the  depth  of  the  material,  for  the  five  materials  tested, 

were  as  follows  :  Cubic  feet  per 

acre  per  24 
hours. 

Stiff   blue   clay   from   test   pit   down   the   Chagres 

River,  north  of  the  dam  site 49.9 

Red  sandy  soil  from  embankment  slope  of  spill- 
way   hill 226.7 

Medium  fine  sand  from  test  pits  down  the  Chagres 

River   206.7 

Brown  sandy  clay  from  Gatun  Island  test  pit,  be- 
tween surface  and  13  ft.  below 136.4 

Blue  sandy  clay  from  Gatun  Island  test  pit,  from 

15  to  37  ft.  below  surface 295.7 

Mr.  Saville  did  not  reduce  these  to  inches  per  day,  but  the  writer 
has  done  this,  with  the  following  results,  for  the  five  materials, 
respectively :  ^  ^^^ 

0.062, 
0.056, 
0.037, 
0.081, 

average,  0.050,  equal  to  2V  in.  per  day. 

In  applying  these  results  to  the  probable  percolation  of  water  from 
Gatun  Lake,  allowance  must  be  made  for  the  probable  difference  in 
hydraulic  slope.  Certainly  the  average  distance  from  the  water  in 
the  lake  through  the  ground  to  a  point  where  it  could  discharge  outside 
would  be  a  considerable  number  of  miles.  For  the  purpose  of  this 
calculation,  assume  that  it  is  only  1  mile,  and  that  the  discharge  in 
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all  cases  is  at  sea  level.  There  will  then  be  a  head  of  85  ft.  acting  in  a 
distance  of  1  mile,  or  a  slope  of  1.62%  in  place  of  100  per  cent.  By  a 
well-known  law  of  percolation,  the  rate  of  seepage  will  be  reduced  in 
the  same  proportion  as  the  slope,  and  the  percolation  to  be  expected 
will  be  0.05  X  0.0162  =  0.0008  in.  per  day. 

This  rate  of  seepage  is  not  to  be  reckoned  necessarily  on  the  whole 
area  of  the  bottom  of  the  lake.  It  applies  instead  to  the  smallest 
section  of  the  pervious  material  through  which  the  water  is  obliged 
to  pass  on  its  way  from  the  lake  to  the  sea.  There  is  no  means  of 
determining  what  this  smallest  section  would  be;  certainly  it  would 
be  only  a  fraction  of  the  actual  area  of  the  lake.  It  is  needless  to 
attempt  to  determine  it,  because  even  if  the  rate  be  applied  to  the 
whole  area  of  the  lake,  it  amounts  to  less  than  xwo  ^^-  P^r  day,  or  to 
the  one  six-hundredth  part  of  the  amount  assumed  by  the  author. 

Mr.  Saville's  experiments  with  rocks,  made  by  cementing  a  piece 
of  rock  into  a  6-in.  pipe,  represent  more  difficult  and  perhaps  less 
conclusive  investigations.  The  results,  for  1  ft.  in  thickness  of  stones, 
scaled  from  Plate  103,  accompanying  Mr.  Saville's  report,  are  given 
in  Table  9. 

TABLE  9. 


i 


No. 


1 
3 
3 

4 
5 
6 
7 
8 
9 
10 


Kind  of  stone. 


Blue  sandstone 

Volcanic  ash 

Volcanic  tufa 

Dark  consrlomprate 

Brown  coujriomerate 

Volcanic  ash 

Lig'ht  blue-gray  conglomerate. 

Argillaceous  sandstone 

Gray  sandstone 

Light  brown  sandstone 


Source. 


Lock  site. 
Lock  siie. 
Quarry. . . 
Lock  Site. 
Lock  site. 
Lock  site. 
Lock  site. 
Spillway.. 
Spillway. . 
Spillway.. 


-u 

P^  o    . 

a 

O  0)*^  t. 

olati 
bicf 
uare 
hou 

ai5t-i 

o  :=  cr  j- 

ffi 

M   O  CC  £ 

Ph.2§3 

p. 

4 

2.0 

40 

2.2 

40 

0 

40 

0.01 

40 

0.12 

40 

0.21 

40 

0.28 

40 

0.40 

40 

0.26 

40 

0.71 

Computed  Percola- 
tion, IN  Inches  per 
24  Hours. 


144 

16 

0 

0.7 
0.86 
1.50 
2.0 
2.9 
1.9 
5.1 


2?  ^"n,     ' 


2.3 

0.27 

0 

0.011 

0.014 

0.024 

0.032 

0.047 

0.030 

0.082 


Although  these  figures  exceed  considerably  those  found  for  the 
soils,  no  effort  will  be  made  to  carry  the  calculation  further,  as  it  is 
obvious  that  the  rates  of  seepage  indicated  are  too  small  to  be  of 
practical  significance. 

The  materials  on  the  Isthmus,  as  the  writer  saw  them  in  February, 
1909,  are  generally  of  a  ferruginous,  clayey  nature.  That  is,  they  are 
clays  and  shales,  part  of  the  alumina  in  which  has  been  replaced  with 
iron  to  the  extent  that  they  contain  something  like  10%  of  metallic 
iron.      The   substitution    of    iron    for    alumina    changes    the   physical 
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properties  of  the  materials  to  such  an  extent  that  Northern  experience    Mr. 
cannot  be  applied  safely,  and  their  ability  to  stand  up  in  stable  embank-  ^*^^°- 
ments  must  be  based  on  actual  experience  with  them  rather  than  on 
considerations  of  Northern  precedent. 

In  the  whole  line  of  the  work  traversed  by  the  Canal  there  is  no 
considerable  deposit  of  silicious  sand  or  gravel.  The  so-called  sand- 
stone does  not  contain  silicious  sand  particles,  but,  in  appearance  and 
in  physical  properties,  is  more  like  shale  than  the  rock  which  we  know 
as  sandstone.  This  so-called  sandstone,  said  to  be  water-bearing,  does 
not  permit  percolation  through  its  pores.  There  are  occasional  seams 
in  it  which  carry  limited  quantities  of  water,  in  the  same  way  that 
shales  and  mica  schists  and  granites  are  fissured,  and  carry  water  in 
limited  quantities. 

All  these  materials,  as  seen  by  the  writer  in  the  various  cuts  on 
the  work,  and  as  tested  by  Mr.  Saville  in  his  laboratory,  are  sub- 
stantially impervious. 

Of  course,  it  is  true  that  the  engineers  did  not  have  an  opportunity 
to  see  every  part  of  the  lake  bottom.  That  would  have  been  impossible 
under  existing  conditions,  and  especially  in  a  limited  time,  but  the 
materials  which  they  did  see  extending  from  one  end  of  the  lake  to  the 
other,  and,  in  many  places  to  its  sides,  were  all  of  the  same  general 
class,  and  were  all  generally  impervious,  and  there  is  every  reason  to 
believe  that  the  materials  throughout  the  whole  lake  are  of  the  same 
general  character. 

There  is  no  more  reason  to  apprehend  loss  of  water  from  Gatun 
Lake  by  percolation  than  there  is  to  expect  loss  in  the  Ashokan 
Reservoir  now  building  by  the  City  of  New  York.  No  allowt^nce  for 
such  percolation  has  been  made  for  the  Ashokan  Reservoir,  as  experi- 
ence with  the  Croton  Reservoir,  the  Wachusett  Reservoir,  and  a  hun- 
dred smaller  reservoirs,  has  not  indicated  the  necessity  for  it. 

The  author  speaks  of  some  of  the  dams  built  for  water-works'  pur- 
poses on  the  Isthmus,  and  of  the  leakage  from  them.  The  writer 
visited  several  and  noted  the  conditions  of  leakage.  These  dams  were 
made  by  filling  with  the  materials  most  conveniently  available  to  a  not 
very  large  earth  dam  section,  and  apparently  without  any  very  deep 
preparatory  excavation  of  the  underlying  material.  In  all  cases  there 
was  a  certain  amount  of  seepage  at  the  bases  of  the  dams,  coming 
apparently  through  the  material  under  the  dam  a  short  distance  below 
the  natural  surface.  In  one  case  a  slight  indication  of  leakage  through 
the  lower  part  of  the  embankment  was  observed.  In  no  case  was  there 
indication  of  leakage  through  the  deeper  underlying  materials. 

The  writer  is  at  a  loss  to  account  for  this  percolation  through  the 
material  a  short  distance  below  the  natural  surface.  His  first  thought 
was  that  it  might  be  due  to  the  spaces  left  by  decayed  roots,  but  observ- 
ation in  cuts  showed  that  as  a  rule  roots  did  not  extend  far  into  the 
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Mr.  soil,  and  the  seepage  was  through  a  layer  deeper  than  that  to  which 
roots  ordinarily  extend.  The  writer  has  been  told  that  in  very  dry 
seasons  there  are  shrinkage  cracks,  due  to  the  continued  extraction  of 
moisture,  by  roots  and  otherwise  by  evaporation,  from  the  clayey  soil 
containing  a  large  percentage  of  pores  tilled  by  moisture,  and  that  these 
shrinkage  cracks  sometimes  extend  to  considerable  depths.  It  may  be 
that  these  cracks  when  once  formed  do  not  completely  heal  in  the 
ensuing  rainy  season,  and  that  there  may  be  seepage  through  them. 

The  seepage  from  these  reservoirs  used  for  water-supply  purposes 
in  no  case  seems  to  be  enough  to  affect  the  stability  of  the  dams,  nor  to 
take  away  to  any  considerable  extent  from  the  quantity  of  water  avail- 
able for  water-supply  purposes. 

The  writer  is  interested  to  note  that  Mr.  Sorzano  raises  no  question 
as  to  the  loss  of  water  by  seepage  through  the  Gatun  Dam  itself,  and 
he  believes  that  all  parts  of  Gatun  Lake  formed  by  it  will  be  equally 
tight 
Mr.  0.  M.  Saville,  M.  Am.  Soc.  C.  E.   (by  letter).— Mr.  Sorzano  has 

^^*  ^'  brought  together  many  interesting  features  pertaining  to  the  lock  canal 
at  Panama  and  its  operation,  and,  on  account  of  the  magnitude  of  the 
work,  its  commercial  future,  and  its  engineering  problems,  everything 
bearing  thereon  is  of  interest  for  study  and  discussion.  It  is  to  be 
regretted,  however,  that  the  author  had  not  at  hand  more  complete  data 
on  which  to  base  some  of  his  premises.  The  conditions  of  meteorology, 
geology,  and  hydrography  on  the  Isthmus  differ  so  radically  from  those 
elsewhere  observed,  and  especially  in  the  United  States,  that  knowledge 
gained  solely  from  experience  there  would  almost  inevitably  lead  astray 
in  the  interpretation  of  Isthmian  records,  and  particularly  is  this  the 
case  if  those  records  happen  to  be  incomplete.  Under  ordinary  condi- 
tions, a  section  of  country  50  miles  long  might  be  expected  to  present 
no  radical  differences  in  rainfall,  but  the  annual  precipitation  at 
Ancon,  on  the  Pacific  side,  varies  from  60  to  80  in.,  while  at  Cristobal, 
on  the  Atlantic  side,  the  range  is  from  125  to  140  in.  In  Table  10, 
"Rainfall  on  the  Isthmus  of  Panama,"  are  given  the  records  as  they 
are  available  at  the  present  time,  and  Figs.  2  and  3  are  diagrams  show- 
ing the  distribution  of  the  rainfall.  The  upper  curves  show  the  average 
annual  rainfall  for  the  years  of  record,  and  the  yearly  rainfall  for 
1907  and  1908.  The  lower  curves  show  the  average  annual  amount 
for  the  4  months  of  minimum  precipitation,  and  the  amount  for  this 
period  in  1908. 

Fig.  4  is  a  sketch  map  showing  the  Chagres  River  drainage  basin, 
the  extent  of  the  proposed  Gatun  Lake,  and  the  relative  locations  of 
the  several  meteorological  and  hydrographic  stations.  In  the  present 
discussion,  the  area  of  the  entire  Chagres  drainage  basin  above  Gatun 
is  taken  as  1  320  sq.  miles.  Subdividing  this  at  the  several  gauging 
stations  shown  on  the  map  gives  the  figures  in  Table  IL 
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TABLE  10.— Rainfall 
January  1st,  1909, 


Station 

AVERAGR. 

January. 

February. 

March. 

April. 

station. 

+3       . 

0^ 

g    . 

+3  . 

3    . 

fl^ 

r3   . 

i    . 

No.  Of 
Years. 

6^ 

< 

u  a 

u  0 

8s 

< 

1- 

( 

1908 

0,21 

0.21 

0.55 

0.76 

Tr. 

0.76 

0.76 

1.52 

Balboa 

,.    j 

1909 
Average. 

1.45 
1.30 

1.45 

1.30 

1.69 
0.21 

3.14 
1.51 

0.14 
0.95 

3.28 
2.46 

3.83 
4.06 

6.11 

*6.52 

1908 

0.13 

0.12 

0.24 

0.36 

0.03 

0.H9 

1.37 

1.76 

Ancon 

11        J 

1909 
Average. 

2.90 
0.93 

2.90 
0.93 

2.90 

0.58 

5.80 
1.51 

0.18 
0.87 

5.98 
2.38 

3.93 
3.30 

8.90 

4.68 

I 

1908 

0.01 

0.01 

0 

0.01 

0.10 

O.ll 

1.17 

1.38 

Pedro  Miguel 

1        \ 

1909 

3.08 

3.08 

3.26 

6.34 

0.59 

6.93 

2.32 

9.25 

i 

Average. 

0.01 

0.01 

0 

0.01 

0.10 

0.11 

1.17 

1.28 

] 

1908 

0.75 

0.75 

0 

0.75 

0.14 

0.89 

3.00 

2.89 

Rio  Grande 

4        ■} 

1909 
Average. 

3.85 
1.30 

3.85 
1.30 

2.88 
0.07 

6.73 
1.37 

0.18 
0.16 

6.91 
1.53 

3.63 

2.58 

9.54 

4.11 

( 

1908 

0.91 

0.91 

0.01 

0.93 

0.13 

1.05 

1.67 

3.73 

Culebra 

17        } 

1909 

2.96 

2.96 

2.46 

5.43 

0.15 

5.57 

2.56 

8.13 

i 

Average. 

1.89 

1.89 

0.43 

2.33 

0.75 

3.07 

3.76 

6.83 

\ 

1908 

1.70 

1.70 

0.01 

1.71 

0.38 

2.09 

1.90 

3.99 

Oamacho 

2      i 

1909 

3.29 

3.29 

3.16 

5.45 

0.40 

5.85 

3.64 

8.49 

] 

Average. 

0.90 

0.90 

Tr. 

0.90 

0.26 

1.16 

1.07 

3.33 

1908 

0.75 

0.75 

0 

0.75 

0.41 

1.16 

1.36 

3.53 

Empire 

^    \ 

1909 

2.28 

2.28 

1.50 

3.78 

0.21 

3.99 

3.33 

7.33 

\ 

Average. 

0.70 

0.70 

0.23 

0.93 

0.34 

1.27 

3.58 

4.85 

27        \ 

1908 

0.19 

0.19 

0.04 

0.23 

0.50 

0.73 

3.65 

3.88 

Gamboa 

1909 

2.77 

2.77 

4.07 

6.84 

0.56 

7.40 

5.55 

13.95 

\ 

Average. 

1.98 

1.98 

0.67 

2.65 

0.80 

8.45 

3.54 

6.99 

{ 

1908 

0.80 

0.80 

0.09 

0.89 

0.49 

1.88 

3.39 

4.77 

San  Pablo 

'    \ 

1909 
Average. 

4.09 
0.80 

4.09 
0.80 

1.76 
0.09 

5.85 
0.89 

0.46 
0.49 

6.31 
1.38 

5.50 
8.39 

11.81 

4.77 

1908 

0.92 

0.92 

0.35 

1.27 

0.73 

2.00 

3.87 

4.37 

Tabernilla 

2        \ 

1909 

4.58 

4.58 

2.87 

7.45 

0.99 

8.44 

6.30 

14.74 

\ 

Average. 

0.92 

0.92 

0.35 

1.27 

0.73 

2.00 

3.37 

4.37 

( 

1908 

1.59 

1.59 

1.17 

2.78 

1.77 

4.53 

3.16 

6.69 

Bohio 

u       ) 

1909 
Average. 

7.29 
6.49 

7.29 
6.49 

3.74 
1.61 

11.03 
8.13 

3.66 
1.61 

14.69 
9.74 

7.33 
5.70 

21.92 

15.44 

\ 

1908 

2.72 

2.72 

0.87 

3.59 

1.97 

5.56 

3.40 

8.96 

Trinidad 

1     i 

1909 

7.58 

7.58 

4.27 

11.85 

3.08 

14.93 

6.96 

21.89 

i 

Average. 

2.72 

2.72 

0.87 

3.59 

1.97 

5.56 

3.40 

8.96 

1908 

2.79 

2.79 

1.38 

4.17 

2.72 

6.89 

3.68 

10.53 

*Monte  Lirio 

1     i 

1909 

7.94 

7.94 

5.69 

13.63 

4.85 

18.48 

7.18 

^5.66 

Average. 

2.79 

2.79 

1.38 

4.17 

2.73 

6.89 

3.63 

10.52 

\ 

1908 

3.18 

3.18 

1.29 

4.47 

2.81 

7.28 

1.47 

8.75 

Gatun 

'  \ 

1909 
Average. 

7.17 
4.13 

7.17 
4.13 

4.12 
1.80 

11.29 
5.93 

2.99 
2.22 

14.28 
8.15 

4.03 
3.23 

18.31 

11.37 

^  \ 

1908 

4.30 

4.30 

1.17 

5.47 

3.01 

8.48 

1.33 

9.81 

Brazos  Brook 

1909 

9.10 

9.10 

4.13 

13.23 

2.90 

16.13 

6.23 

22.86 

1 

Average. 

3.18 

3.18 

1.04 

4.22 

2.49 

6.71 

1.20 

7.91 

\ 

1908 

3.84 

3.84 

1.08 

4.92 

3.53 

8.45 

1.27 

9.73 

Cristobal 

88        i 

1909 

10.61 

10.61 

1.92 

12.53 

1.85 

14.38 

3.56 

17.94 

} 

Average. 

3.99 

3.99 

1.39 

5.38 

1.60 

6.98 

4.23 

11.31 

Porto  Bello 

■         \ 

1908 
1909 

26;  90 

26;  90 

6182 

27 172 

SM 

31!  28 

i2!56 

43.84 

Nombre  de  Dios 

0 

1909 

15.26 

15.26 

8.64 

23.90 

1.43 

35.33 

12.58 

37.91 

El  Vigia 

»     \ 

1908 
1909 

■3.'9i 

'sM 

4!88 

'8!79 

6 '.32 

■giii 

'2;32 

ii!43 

( 

1908 

1.02 

1.02 

0.18 

1.20 

0.34 

1.44 

4.61 

6.05 

Alhajuela 

9         1 

1909 

2.72 

2.72 

3.71 

6.43 

0.29 

6.73 

3.54 

10.36 

Average. 

1.12 

1.12 

0.15 

1.27 

0.61 

1.88 

3.36 

5.24 

*  Formerly  designated  as  "  Gatuneillo  "  and  "  Gatun  Rivei\" 

+  No  record  after  December  26th;  gauge  washed  out. 

Note.—"  Years  of  Record  "  and  "  .Averages  "  are  exclusive  of  1909. 
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May. 


June. 


a£ 

05+3 

u  a 

r-)  R 


< 


8.65!l0 
9.6915 
6.5413 
7.641  9 
9.l0!l8 
8.50:13 
4.73  16 
8.5017 
4.7316 
4.26  17 
7.3216 

11.2il5 

13.63  15 
7.36  15 

11.3718 

17.2921 
9.3417 

11.3413 

12.9l!l5 
7.7315 
9.5814 

15.2918 

15. 37128 

10.7217, 

11.34  16. 
9.00120, 

11.3416, 

14.7919. 

10.07-24. 

14.79  19. 

18.59  25. 

13.69  35. 

13.9329. 

18.4127. 

10.79  32. 

18.41127. 

22. 5433 . 
9.2934. 

22.54  33. 

17.30  26. 
8.98:27. 

16.92  28. 

22.10  31 
7.51|29, 

14.4622. 

22.49  32, 
7.2l!25. 

12.45123. 

21.031. 
9.69  53. 
8.11  46. 


s-i  a 
5S 


3  . 


17 
80 
06 
40 
00 
18 
01 
75 
01 
15 
86 
35  10 


6 
9 
9 
9 
10 
10 
10 
11 
10 
28 1 20 
61 112 
37 1 12 
37  8 
68  14 
37|  8 
0614 
95  12 
06  14 
05  13 


98115.15 

06  27.86 
88  20.94 
.28  13.68 
.90  27.90 
57  21.75 
71  23.72 
.19  31.94 
.71  23.72 
.08  28.23 
.27  26.13 
.78  26.13 
.86  24.21 
.44  24.93 
.03  27.23 
.87  34.15 
.52  28.35 
,83i26.40 
.2123.64 
,84i22.89 
,40  22.83 
,15  24.82 
,55137.87 
.64  27.35 
95  26.06 
,8031.61 
75126.86 
41  29.57 
1635.97 
41  29.57 
02  45.30 
31  47.92 
52  41.89 
86^36.23 
8647.54 
86136.23 
4847.54 
36  47.31 
48  47.54 
33  39.38 


July. 


43.64 
41.34 
46.72 
48.50 
37.18 
42.74 
49142.64 
1136.77 
99  .... . 
70  71.23 
02  64.04 


a-g 


August. 


Si  a 


o 


3     . 


5.66  20 

14.92  42 

9.75  30 

6.83120 

9.0136 

8.02  29 

9.53  33 

9.1941 

9.53|33 

12.55  40 

8.1334 

12.07  38 

13.23  37 

7.95:32 

9.39|36 

12.83,46 

8. 88137 

11.44  37 

11.79|35 

8.27  31, 


10.14 
11.43 
11.59 
10.14 


7.5933 


10.63 

9.96 

7.84 
10.78 

7.76 

7.78 
11.07158. 
13.00  54. 

6.46142. 
10.78158. 

6.4642. 
12.98:60. 
15.6362. 
12.98160. 
13.67  53. 
11.46  55. 


12.63 
18.25 
12.23 
17.68 
14.?6|57 
12.83  55 
16.48  53 
9.98 
26.33 
16.94 


97. 

80. 


.81  1(» 
.78  6 
.69  7 
.51,11 
,91  6 
,77i  7 
25j  9 
,13[10 
25:  9 
,78!  7 
261  9 
20jl0 
44!  7, 
881  8, 
62:10, 

98  8, 
03  8, 
84  10, 
43!  8. 
16  7, 
97  10, 
2511, 
46'  7, 
4912, 
6510, 
24l  9, 
8210. 
41!ll, 
75  9, 
33  11, 
08  20, 

99  10, 
89  15, 
69  19, 
.S2|  9, 
69  19, 
52  15, 
94  8, 
52  15, 
0516, 
10  9, 
97il8, 
97  18, 
73  10, 
86  17, 
50  16, 
47' 15, 
25  15, 
..16, 
56!  13, 
98!12, 


31.29 
49.64 
37.96 
31.99 
43.75 
37.11 
42.56 
51.20 
42.56 
48.43 
43.38 
49.03 
45.18 
41.20 
47.35 
55.26 
45.06 
48.66 
43.54 
38.36 
43.71 
48.09 
56.49 
49.95 
44.35 
51.28 
47.66 
48.43 
56.53 
48.51 
73.58 
69.00 
70.65 
61.69 
67.82 
61.69 
76.40 
71.33 
76.40 
69.27 
65.02 
72.87 
83.16 
71.40 
72.18 
74.39 
70.89 
22    68.47 

98 

83  111.39 
15    93.13 


September.    October. 


15.54.26.97  16.93  43.90   14.09  57.9911.24  69.23 

19.72  25.77  11.06  36.83     9.68  46.5116.64  63.15 

14.32  24.58  19.73  44.31   13.64.57.95    8.15  66.10 

12.2117.45  12.34  29.79  13.56143.35  13.79  57.14 


(U+s 


5 

4 

6 

5 

3 

8 

7, 
10 

7, 
15, 
11, 
11, 
13, 

8, 
11, 
12, 
13, 
10, 

9, 

7. 

7. 

6. 

7, 
10. 

9. 
12. 
11. 
12. 
13. 
12. 

8. 
10. 
14. 
12, 
13. 
12. 

7. 

9. 

7, 

8. 
10. 
10. 
12. 

9. 
13. 
11. 
16, 
12. 

8. 
13. 

7. 
17. 
10. 
13. 

7. 
11. 


93  37, 

11  53, 

71  44, 

93  37, 


a; +3 


47. 

45. 
50. 
61. 
50. 
63. 
54. 
60. 
58. 
49. 
58. 
67. 
58. 
59. 
53. 
45. 
51. 
54. 
64. 
60. 


22  7, 
75  11 
67  8, 
92  8, 
61  8, 
13110, 
12!  8, 
42  17, 


51  44 

20  64 

83  53 

79  46 

77  56 

70  55 


November.   December. 


^  a 


42  53. 
17  63. 

40!  59. 
,85  61. 
10  69. 
,68  61. 
,74!  82. 
,43  79. 
,07  84. 
,79  74. 
64  81. 

79  74. 
,88  84. 
,87  81. 
,88'  84. 
.52'  77. 
,86!  75. 
,48'  83. 
,05  95. 
,66  81. 
,23j  85. 
,57!  85. 
,33  87. 
,48!  80. 
59  .... 
,99125. 
,72  100. 
39  .... 
,91  80. 
45  76. 
50  73. 

80  68. 


8 
8. 
18, 
61  11, 
92  9, 
6017, 
93|10, 
6l!  6, 
07!  20, 
30 
30 
58 
58 
37 
39 
60 
77 
45 


581  71 

03  67 

70  67 

93  69 

81  74 

63  78 

10:25  69 
8. 

21. 

12. 


62 


0615. 
28jl4. 
6317. 
1920. 
32  14. 
4316. 
72  16. 


64 
63 
81 
60    73 

93  66 
81,  79 

94  75 

57  75 
02    86 

52  81 
25  96 
34  95 
98  101 
59    87 

58  96 

59  87 

53  97 
38  94 
53  97 
22  90 
.55  91 
48  100 

95  107 
82  95 
59  101 

96  96 

31  106 
98!  y^i 
28! . . . 
70134 
17119 
80  ... 
93  101 
09  91 

32  92 
771  81 


73  7.37 
95  15.99 
50  9.56 
71  9.12 
.38  15.14 
.83:11.15 
.53'  8.65 
.89  20.38 
.53  8.65 
.34  5.30 
.1324.17 
.99,  8.24 
.95  5.10 
.30  24.46 
.8612.00 
.42  6.65 
.70,27.07: 
.55  11.10 
.17  4.46 
.72  20.99 
.40  9.77 
.27  7.32 
.37  28.41 
.20  11.76 
.7-i  8.90 
.20  27.59 
.00  9.92 
.85  10.85 
.65  30.84 
.71  10.82 
.57  19.01 
.77  33.39 
.7018.13 
.0714.19 
.04  33.28 
.0714.19 
.81  25.57 
.5834.73 
.81  25.57 
.01  21.37 
.43  41.10 
.83  19.20 
.16  27.12 
.8(S  38.17 
.00  21.56 
.92  31.72 
.53  42.50 
.93  21.26 
...41.73 
.08  45.03 
.02  25.62 
...  12.07 
.07  35.64' 
.69  10.55 
.92  36.22 
.71, 12.531 


73    . 


-k3 

a  si 

n 


o 


52.10  4 
80.94  12 

63.06  5 
55.83    4 

71.52  12 
66.98  3 
67.18  10 
99.27  11 
67.18  10 

77.64  5 
97.30  10 

80.23  5 
73.05  4 
91.76  10 
81.86:  7 

81.07  7 
105.7710 

80.65  6 
66.63  5 
87.711  9 
74.17!  5 
70.59:  6 

109.7812 
84.96  6 
75.62    4 

106.85  12 
84.92  3 
86.70'  3 

117.4913 

92.53  4 
115.58  3 
131.16  20 
119.83  9 
101.26  7 
129.32  18 
101.26  5 
123.38  6 
129.31  24 
123.38,  5 
111.38  7 
132.53  31 
120.09  11 
134.28  9 
134.05  36 
122.56  10 
128.64  9 
149.03  34 
116.19:11 

25 

179.1158 
144.64  36 

3 

136.71  10 
102.24  4 
129.14  22. 

94.24  5 


§2 


56.71 
93.06 
68.60 
59.99 
83.91 
70.19 
77.45 
30  110.57 
,27'  77.45 

53  83.17 
56  107.86 
17  85.40 
40:  77.45 
58  102.34 
85;  89.71 
80!  88.87 

54  116.31 
50!  87.15 
091  71.72 

44  97.15 

55  79.72 
92!  77.51 

33  122.11 

89  91.85 
12'  79.74 
10  118.95 

88.81 
89.95 
131.08 
96.57 
40118.98 
.53  151.69 
87  129.70 
23  108.49 
49  147.81 
06  106.32 

34  129.72 
08  153.39 
47,128.85 
95  119.33 
66  164.19 
02  131.11 
48  143.76 

45  170.50 
41  132.97 
07137.71 
38  183.41 
93128.12 

72 

17237.28 
04  180.68 
69 

90  147.61t 
02  106.26 
90  152.04 
81  100.05 
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TABLE  11. — Areas  and  Discharge,  Gatun  Basin  and  Lake. 


Area  of  entire 

drainage  basin, 

in  square 

miles. 

Approximate 

area  flooded  by 

proposed  lake. 

El.  87. 

Approximate 

division  of  the 

flow  at  Gatun. 

Percentage. 

1 — Above  Alhaj  uela ; 

427 
353 
127 
314 
100 

*42' 
11 
53 
61 

45 

2— Between  Bohio  and  Alhajuela 

3— Above  Gatun  River 

4— Above  Lagartera  (Trinidad  River) . . 
5— Remaining  area  above  Gatun 

20 

6 

19 

10 

6— Total  area  above  Gatun 

1320 

167 

100 

Unlike  many  tropical  countries,  the  Isthmus  of  Panama  does  not 
have  well-defined  wet  and  dry  periods,  and  in  certain  sections  the 
seasonal  differences  have  been  feelingly  referred  to   by  surveyors   as 

"the  wet  and  the  d d  wet."     In  Table  12  the  records  are  arranged 

in  periods  of  minimum  rainfall  available  for  those  stations  which  best 
represent  conditions  that  may  be  expected  on  the  area  to  be  covered  by 
Gatun  Lake.  An  examination  of  this  table  will  disclose  the  fact  that 
the  stations  noted  in  Table  1  (designated  by  the  author  "Rainfall  in 
the  Canal  Zone,  for  the  Year  1908,  in  Inches")  are  in  the  central  part 
of  the  Isthmus,  and,  with  one  exception,  are  comparatively  remote  from 
the  lake.  Culebra  is  on  the  continental  divide,  and  Bio  Grande  is 
outside  the  Chagres  Biver  drainage  area,  its  water  flowing  southeast- 
ward into  the  Pacific  Ocean.  Chagres  is  the  Bas  Obispo  station,  which 
is  now  abandoned  on  account  of  its  location  on  a  hilltop,  where  the 
general  meteorological  conditions  of  this  locality  were  not  properly 
represented.  Prom  Table  10  it  can  be  seen  that  the  rainfall  is  very 
much  less  in  this  interior  section  than  at  other  places  in  the  Chagres 
Basin.  Study  of  the  topography  would  lead  to  this  expectation.  Rain 
clouds  coming  in  from  the  Caribbean  Sea  first  meet  the  cooler  land 
at  Cristobal,  and  a  portion  of  their  burden  is  precipitated  there. 
Driving  south  along  the  depressions  of  the  Chagres  and  Mindi  Rivers, 
the  clouds  are  deflected  upward  into  the  cooler  currents  by  the  hills 
at  the  narrow  gorge  at  Gatun,  and  again  precipitation  results.  Con- 
tinuing southward,  they  strike  the  highlands  west  of  Bohio,  and  once 
more  the  conditions  of  rainfall  are  established.  The  rain  clouds  now 
are  greatly  depleted,  and,  being  divided,  part  go  southward  up  the 
Trinidad  Valley,  part  northward  up  the  Gatun  River,  and  part  east- 
ward up  the  main  Chagres  Valley.  This  portion  again  is  divided  by  the 
hills  at  Bas  Obispo,  and  some  part  continues  up  the  river  toward 
Alhajuela  and  the  remainder  goes  eastward  to  strike  the  continental 
divide  at  Culebra.  A  reason  thus  appears  for  the  smaller  rainfall  in 
the  section  covered  by  the  records  given  in  Table  1,  and  it  is  believed 
that  this  table  does  not  give  a  true  idea  of  the  variations  in  "the  only 


DISCUSSION  :     WATER   SUPPLY    FOR   PANAMA    CANAL 


117 


a500~a050^^^MK)l-'O';D(X•<l0i0^rfi.05^0l-'^-^O?000^05UT^^C«^5l-' 


.o  o 
-a  3 


t3'5' 


*0tOJv0tSi-'>-i|-il-ii-i|-i)-t 

(*>.  OS  10  O  i»  ~1  0^  Oi  cc  »0  O  !D  QC  ^}  0«  *>.  id  Kv 

*^  ^  P  ?0  ^  p  P  P  to  a5  ^-i  iO  pC  55  p'  |—  P  p  >t^  CO  >-'  p  _05  05  0»  (^  —  »».  w  w 
to  bo  QC  h-i  i-J  i>0  --^  »(».  Ui  O  OC  CO  »*»■  CO  OS  Oi  >t^  01  O  '-}  O  io  '-^^  ^I  ^  UT  o  ►-'  OS  "c; 
O>P'~J05C0»*^C0l-'0l0SI-^>-'rfi--i^0C05C0i04i-C0l--iO05H-'l0O>*».t0l& 


I  o  oi  10  o  o 


fc-»       l-l  I— 1  l-l       l-l 
OD    ^QOTDTD    r-OO    - 
CO    •-  to  CO  CO    "-co    • 


-0000  ^ 

-coco    •■ 


cnjv^  «^  >-:  p  <1 


-fJDOO     ^ 
-  CO  CO    >- 

00  CO 


O  13 


-  CD 


,.    ^    ,    rCDcDcOCOOO 


?:^o^^  .t)o;>  .g«H  ^  ^^;>og:^  .oa=t>=HJHg  ^  _(>g 


p  o  err 


rCOCO     r-     ^COCO     r-     --COCOCO     •-      »COCO     •-     »- 

^oo  •■   -00   •■   •"ooo  -   -00   ••   ' 


»-    •-     r     ^  CO  CO  CO  CD  CO 

-  -  -  -00000 

h-i  i-i  CC  O-J 


CTOS'-'OCO'^C3im05tOi-t 

cnooODCOSkp>.toicicococooD-<}050i*>.coto 

00  p;  »-'  tv  +^  ^7  _'-'  o  OS  <j  t-'  CO  _•<}  oi  CO  ic  J-'  o  CO  m  to  o  o 

^  00  m  ^  !>o  00  K)  ^i  en  <!  CO  "c»  '*^  h—  o  o  OS  CO  bi  K-i  I-i  io  o 

OCOi005COHJ.OOiOtOO:OD*-.OSCOOTCnOl-:>OS>*^tHO 


=- HT]  g  ;>  Ch  »X|  g  C,  g  (1h^C_|2 


B  C 


CD         CC  • 


00  00    ^  00  CO    -    .CO 

coco   -coo   -   -O 

-» 00        CD  H-  to 


■(T>  O  (t>  £     -    -fP 

n  -4  o  o  ^ 


•■  CD  CO     .00 
-  00     -  CO 


p  P  cr^  P  p  l-sv-  _>-s     v-  _•-«  ai3«5^B  ,-    ,  . 

1— I.             I— 1.              h- '1— 'I— 'I— II— 11— 1|— 1  I—"  h-l  |_1|— L|— II— ll 

CD    .-co    ^  CO  CD  CO  CO  CD  CD  CD  .-co  .-    .-    .-CO  .-cDcDCOQO. 

O    -O    -0000000  -O  -    -    -O  -OOOCD- 

00      CD      oocDOo-}OD-,)as  VI  OS  ookjch--i. 


OcD00<fCiO5C;Th<i.03t0i-i 

014x0;  gccDO^H-.iiioscn^Jcnifi.cototOp-' 

0iCD-^O"v>Cn0S0DO00O0SCD00Q0C0O0St0l-lOOO 


c  o  <j     cro  err" 


■  O  Ct>  O     -    -fD 

■^  p  ■<  p 


CO 


00  ,Qcacoo  .- CO  CD  X  00  00  CO  - 

CO    -COCOCO    -OOcOCDCOO    '■ 

~i      QD~30D      ^^*'<iODCD-5 


O-^QOOOi^ 


p<!^    P  <o^     ^  <^    n     B--<     =< 


-  =s 


■  CD  CD  CD  CD    .-    ^  CD  CO    .-     oOOOD    .-    .- CD  CO  CD 

0000   -   -00   -   -coco   -    -000 

OSCDOCCO  H-iOO  l-iOO  I— -s!  oc 


00.-' 
CO^ 


5^B 


-.3 

d  o 


d 


:'(X 


m 


Mr. 

Saville. 


118 


DISCUSSION  :     WATER   SUPPLY    FOR   PANAMA    CANAL 


Mr. 

Savilie. 


source  of  water  supply"  in  that  locality.  The  rainfall  at  these  stations, 
therefore,  is  not  representative  of  that  which  will  probably  obtain  on 
Gatun  Lake.  The  average  annual  rainfall  on  the  section  west  of 
Bohio  is  about  50%  greater  than  that  in  the  region  covered  by  Table  1, 
and  the  average  dry-season  precipitation  of  the  former  exceeds  the 
latter  nearly  2.6  times.  To  realize  adequately  the  bearing  of  this  con- 
dition, it  must  be  remembered  that  nearly  three-quarters  of  the  total 


Fig.  4. 

lake  area  is  in  the  region  exposed  to  the  heavy  precipitation  of  Gatun 
and  Bohio.  The  foregoing  is  given  for  information  bearing  on  the 
depletion  of  the  lake  from  evaporation. 

Regarding  the  rainfall  in  the  entire  basin,  the  run-off  records 
contain  the  best  and  most  useful  data.  It  will  suffice  to  say  that 
it  is  generally  recognized  that  heavy  precipitation  conditions,  similar 
to  those  of  the  Caribbean  Coast,  prevail  in  all  parts  of  the  basin  except 
in  the  small  portion  nearly  included  between  Bas  Obispo,  Culebra,  and 
Alhajuela. 
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TABLE   13. — Rainfall  Conditions  Applicable  to  the  Larger  Part     Mr. 

OF  Gatun  Lake.  Saviiie. 


Station. 

Gatun. 

Trinidad, 

Gatun  River. 

BOHIO. 

Years  of  record. 

4  Years. 

114  Years. 

IH  Years. 

15  Years. 

Means, 
in  inches. 

Season. 

Dry. 

Wet. 

Dry. 

Wet. 

Dry. 

Wet. 

Dry. 

Wet. 

Rainfall, 

Inches. 

Inches. 

Inches. 

Inches. 

1907-1908. 
July 

11.12 
16.37 

8.03 
19.27 
14.27 

5.53 

'  17.30" 
13.33 

8.70 

9.10 

13.63 

19.00 

11.38 

2.88 

'  i"8'.59"' 
20.02 

9  91 

August 

12  74 

September 

10  83 

October 

19  14 

November 



12  83 

December 

4  20 

January 

February 

3.18 
1.29 
2.81 
1.47 

2.72 
0.87 
1.97 
3.40 

"18.41' " 
8.86 

2.79 
1.38 
2.72 
3.63 

■  23.54"  ■ 
14.48 

'i'M' 

1.17 
2.76 
2.16 

7.68 

2.57 
1  18 

March 

2  56 

April 

2  66 

May 

19  21 

June 

14.17 

Totals 

8.75 

105.22 

8.96 

27.27 

10.52 

37.03 

103.30 

112.00 

1908-1909. 
July 

13.67 
16.22 

8.52 
12.22 
31.37 

7.95 

"8.98" 
16.35 

■7.'58' 
4.27 
3.08 
6.96 

6.46 
19.00 
12.79 
12.59 
14.19 

7.23 

"10.79" 
14.86 

■■7!94* 
5.69 

4.85 
7.18 

12.98 
15.88 

7. 88 
13.53 
25.57 

C.34 

"■9'.  29" 
12.36 

"7!29' 
3.74 
3.66 
7.23 

7.78 
20.50 

8.74 
14.25 
19.01 

3.40 

■  "13.69" 
12.31 

10  22 

August 

17  90 

September 

9  48 

October 

13  15 

November 

20  04 

December 

6  23 

January 

7.17 
4.12 
2.99 

4.03 

7.50 

February  

4  46 

March 

3  04 

April 

6  35 

May 

10.69 

June 

13.97 

Totals 

18.31 

105.28 

21.89 

97.91 

25.66 

103.83 

21.92 

99.68 

123.63 

Average  for  Years  of  Record. 

January 

4.13 
1.80 
2.22 
3.22 

"i6!93' 
13.05 
12.63 
18.90 
10.48 
17.48 
19.26 
11.02 

3.72 
0.87 
1.97 
3.40 

18.41 

8.86 

6.46 

19.00 

12.79 

12.59 

14.19 

5.06 

3.79 
1.38 
3.72 
3.63 



22.54 
14.48 
12.98 
15.88 

7.88 
13.53 
25.57 

5.47 

6.49 
1.64 
1.61 
5.70 

13.93 
12.52 
13.00 
15.76 
14.07 
16.98 
18.13 
9.87 

4.03 

February  

1.42 

March 

April 

2.13 
3.99 

May 

17.95 

June 

13.33 

July 

11.37 

August 

17.39 

September 

11.30 

October 

15.14 

November 

19.29 

December 

7.86 

Totals 

11.37 

119.74 

8.96 

97.36 

10.52 

118.33 

15.44 

114.26 

124.00 

The  author  states  (page  66)  that,  on  the  Atlantic  side  of  the 
Canal  Zone,  "during  the  3  to  5  months  of  'dry  weather/  the  rains 
*  *  *  cease  almost  completely."  The  average  conditions  during 
this  time  are  shown  by  Table  13,  and  in  Table  12  these  facts  are 
arranged  for  more  convenient  reference  to  the  stations  of  long  record 
which  more  nearly  represent  average  conditions  in  the  basin.     From 
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this  it  appears  that  the  lowest  amount  that  fell  in  3  months'  and 
5  months'  records  was  at  Gamboa,  while  Cristobal  and  Bohio  have 
minimum  records  of  2.14  and  9.54  in.  (9.57  in.)  for  these  periods. 
The  average  dry-season  rainfall  in  inches  is  given  in  Table  14. 

TABLE   14. 


Period. 

Cristobal . 
39  years. 

Gatun. 
4  years. 

Bohio. 
15  years. 

*Gamboa. 
26  years. 

Alhajuela. 

10  years. 

December 

11.93 
3.99 
1.39 
1.60 
4.23 

11.02 
4.13 

1.80 
2.22 
3.22 

9.87 
6.49 
1.64 
1.61 
5.70 

6.89 
1.98 
0.67 
0.80 
3.54 

5.81 

January 

1.12 

February  

0.15 

March 

0.61 

April 

3.36 

3  months — 

5  months 

6.98 
23.14 

7.24 
22.39 

8.95 
25.31 

3.45 

13.88 

1.88 
11.05 

*  About  a  mile  north  of  Bas  Obispo  (Chagres). 

In  Table  15  is  given  the  average  discharge  of  the  Chagres  Basin 
(1 320  sq.  miles)  at  Gatun  for  1890-1908,  inclusive.  Gaugings  were 
begun  at  Gatun  in  May,  1908,  and  the  discharge  figures  before  that 
time  are  estimated  from  the  Bohio  discharge,  using  relations  which 
have  subsequently  been  established.  Previous  to  1908,  the  minimum 
run-off  of  the  Chagres  River  was  that  of  the  dry  season,  1903. 

TABLE  15. — Dry-Season  Flows  in  the  Chagres  River. 


Cubic  feet 
per  second. 

Inches. 

Cubic  feet 
per  second. 

Inches. 

.January 

5  952 

2  3.58 
1524 
2  183 

6  264 
6  323 

5.20 
1.86 
1.33 
1.84 
5.46 
5.46 

July 

8  355 

9  340 
9  405 

11  042 
13  324 
11216 

7.30 

FeT)ruary 

March 

August 

8.16 

September 

October 

7.94 

April  

9.64 

May 

November 

December 

11.26 

June 

9.80 

For  the  low-water   flow,   the   following  rates   appear: 

Average  Discharge:  Minimum  Year: 

Cubic  feet  Cubic  feet 

per  second.  Inches.  per  second.       Inches. 

3  months 2  008  1.70  930  0.78 

4  "       3  027  2.54  1 191  1.00 

5  "       3  691  3.12  1 739  1.47 

From  Table  15,  "dry  season"  flows  in  the  Chagres  River,  it  would 
appear  that  the  run-off  is  well  sustained,  and  compares  very  favorably 
with  the  run-off  in  northern  latitudes  during  the  period  of  small  rain- 
fall.   The  4  months'  discharge,  given  for  a  minimum  year  such  as  may 
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occur  once  in  20  years,  exceeds  the  dry-season  rainfall,  as  given  by  the    Mr. 
author  in  Table  1,  by  about  65  per  cent.  Saviiie. 

The  area  and  capacity  of  Gatun  Lake  for  various  elevations  is 
given  in  Table  16;  and  the  diagram.  Fig.  5,  shows  these  relations 
graphically. 

TABLE  16. — ^Areas  and  Volumes  of  Gatun  Lake. 


Contour. 

Area. 

Volume. 

Square  feet. 

Square  miles. 

Cubic  feet. 

Acre-feet. 

90 

85 
80 
70 
60 
50 
40 
30 
20 
10 
0 

4  835  349  042 

4  554  874  320 

4  274  399  597 

3  670  295  420 

3  099  155  666 

2  528  937  595 

1  970  738  955 

1  425  899  458 

813  349  126 

384  834  783 

11  549  376 

173.44 

163.38 

153.32 

131.65 

111.17 

90.71 

70.69 

51.14 

29.17 

13.81 

0.44 

205  910  598  090 

183  136  226  495 

160  361  854  900 

120  638  379  810 

86  791  124  380 

58  650  658  080 

36  152  275  320 

19  169  083  260 

7  972  840  340 

1  981  920  790 

4  727  056 

4  204  228 

3  681  401 

2  769  476 

1  992  450 

1  346  434 

829  S)42 

440  062 

183  031 

45  499 
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Fig.  5. 

In  the  ^'Report  of  the  Board  of  Consulting  Engineers  for  the 
Panama  Canal,  1906,"  page  75,  the  Board  adopted  the  evaporation 
figure,  0.24  in.  per  day,  as  given  by  General  H.  L.  Abbot,  U.  S.  Army, 
Eetired,  in  his  special  report.  Appendix  E,  page  195,  of  the  same  report. 
In  his  "Problems  of  the  Panama  Canal,"  page  177,  General  Abbot 
states  that  this  figure  (0.24  in.)  was  that  also  assumed  by  the  Comite 
Technique  for  the  Chagres  Basin.  Concerning  surface  evaporation 
and  border  evaporation,  the  average  figure,  0.24  in.  per  24  hours,  has 
been  used  in  all  recent  calculations,  and  appears  to  be  a  very  conserva- 
tive estimate,  which  may  be  rarely  exceeded  and  then  only  for  short 
periods. 
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In  his  memoir,  entitled  "Hydrology  of  the  American  Isthmus," 
pages  579-80,  A.  P.  Davis,  M.  Am.  Soc.  C.  E.,  fully  recognizes  the 
faults  of  the  "pan  method"  of  determining  evaporation  which  the 
author  sets  forth.  He  determined  the  evaporation  for  Lake  Nicaragua 
by  using  the  elevation  of  the  lake  itself  after  correcting  for  inflow  and 
outflow.  By  this  method,  he  found  the  evaporation  to  vary  from  0.12 
in.  in  February,  1901,  to  0.26  in.  in  April,  1901.  The  mean  of  the  two 
dry-season  periods  of  1900  and  1901  was  0.19  in.  in  24  hours.  This 
method,  of  course,  would  include  not  only  evaporation  from  the  lake 
surface,  but  also  loss  from  border  evaporation — "fly-off,"  as  it  is  termed 
by  the  author.  The  author  gives  an  evaporation  varying  from  0.10  or 
0.12  in.  to  0.30  in.,  with  an  average  of  0.24  to  0.246  in.  for  the  5  months 
of  dry  weather.  This  appears  to  be  more  excessive  than  anything  that 
has  thus  far  been  observed  at  Lake  Nicaragua,  by  either  the  "pan"  or 
"lake"  method,  or  on  the  Isthmus.    In  Table  17  are  given  the  records 

TABLE  17. — Evaporation  in  Canal  Zone,  January,  1907,  to 
June,   1909,   Inclusive. 


1907 

1908 

1909 

Months. 

Bas 
Obispo. 

Ancon. 

Bas 
Obispo. 

Cris- 
tobal. 

Ancon. 

Rio* 
Grande. 

Bas 

Obispo. 

Brazos* 
Brook. 

Cris- 
tobal. 

January 

February 

March 

5.175 
5.072 
6.538 
fi.48(5 
4.681 
3.125 
3.152 
8.582 
3.358 
2.938 
3.599 
4.896 

3.348 
6.557 
6.997 
5.921 
3.219 
3.046 
3.017 
3.203 
3.049 
3.256 
2.414 
2.942 

5.617 
5.729 
6.290 
5.475 
3.175 
3.415 
3.250 
3.425 
3.635 
3.875 
2.730 
3.445 

4.868 
7.958 
7.557 
6.930 
2.570 
3.184 
2.822 
3.192 
3.327 
3.324 
2.700 
4.056 

3.348 
3.728 
4.931 
3.883 
2.451 
1.916 

3.240 
4.295 
5.005 
4.710 
3.517 
3.284 

4.868 

5.353 

6.445 

April 

May 

5.960 
4.205 
3.417 

5.366 
4.597 
3.806 

6.468 
3.868 

June 

2.498 

July 

August 

September... 
October 

November.. 

December , . . 

» 

Totals 

52.602 

46.969 

50.051 

53.488 

*  Tank  floating  in  reservoir. 

of  evaporation  extending  over  the  period,  1907-1909,  inclusive.  The 
records  from  Ancon  and  Cristobal  are  from  insulated  pans,  10  in.  in 
diameter  and  3  ft.  deep.  The  Bas  Obispo  records  are  from  a  concrete 
tank,  12^  ft.  in  diameter  and  5  ft.  deep.  At  Brazos  Brook  and  Rio 
Grande,  the  records  are  from  copper  tanks,  4  ft.  in  diameter  and  10  in. 
deep,  floating  in  the  water.  In  addition  to  these,  there  are  at  Bio 
Grande  two  other  tanks  similar  to  the  one  floating  in  the  reservoir, 
one  exposed  on  the  border  of  the  lake,  and  the  other  on  the  ground 
in  the  jungle.  From  these  two  pans  information  is  expected  for  use  in 
making  comparisons  and  studying  evaporation  under  various  condi- 
tions. The  records  of  the  Brazos  Brook  and  Rio  Grande  stations  are 
incomplete   as  yet,  not   having  extended  through   a   full  dry  season. 
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Besides  the  records  of  the  pans,  if  one  walks  about  the  borders  of  the  ^'f; 
swamps  and  ponds  in  dry  weather  he  finds  that  a  rank  tropical  growth  " 
quickly  covers  the  ground  exposed  by  the  receding  water,  effectually 
protecting  it  from  the  winds,  and,  as  the  humidity  is  high  all  the  time, 
direct  evaporation  is  very  small.  From  the  results  quoted  by  General 
Abbot  and  Mr.  Davis,  together  with  the  records  of  evaporation  made 
on  the  Isthmus  during  the  past  two  years,  it  appears  that  the  evapora- 
tion figures  used  in  the  calculations  for  the  lock  canal  are  safely  large, 
and  that  they  include  loss  from  surface  evaporation  and  so-called 
"fly-off." 

On  page  69  the  author  makes  statements  from  which  it  might  be 
inferred  that  the  temperature  in  exposed  sunlight  would  ordinarily 
be  from  125°  to  130  degrees.  Tables  18  and  19  show  the  exposed  sun- 
shine and  mean  monthly  temperatures  which  have  been  recorded  on 
the  standard  instruments  which  have  been  installed  for  this  purpose. 

TABLE   18. 


Month, 

iMonthly  mean, 

in  degrees 

Fahrenheit. 

Monthly 

maximum, 

in  degrees 

Fahrenheit. 

Month. 

Monthly  mean, 
in  degrees 
Fahrenheit. 

Monthly 

maximum, 

in  degrees 

Fahrenheit. 

January 

February 

March 

April 

95.1 
97.9 
97.9 
98.8 
96.2 

101.8 
100.5 
101.8 
104.4 
105.1 

June 

July......... 

Avxgust 

September . . 
October 

91.5 
91.6 
92.4 
92.8 
92.2 

98.0 
97.5 
97.2 
97.2 

May 

97.0 

TABLE   19. — Mean   Monthly   Temperatures   for   Years  of  Eecord 

IN  THE  Canal  Zone. 
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1906. 
1907. 
1908. 
1909. 


81.4 

80.2 
81.4 
79.4 


81.4 
78.8 
81.8 
80.3 


81.6 

81.4 
82.6 
81.4 


82.2 
81.2 
83.8 
81.4 


81.8 
82.0 
80.2 
79.4 


79.9 

80.0 
79.9 
78.8 


79.8 
81.0 
79.8 
78.8 


80.2 
81.0 
80.2 

78.7 


81.4 

80.6 
79.6 

78.9 


80.0 
79.6 
78.9 
78.6 


79.8  79.1 

80.0  81.0 

78.8  I  79.6 

77.0  I  78.0 


80.7 
80.6 
80.5 
79.2 


CULEBRA. 

1907 

1908 

1909 

76.8 

77.3 
77.5 

75.2 

77.4 
78.2 

77.8 
78.0 
79.2 

77.3 
80.3 
79.9 

79.4 
78.8 
79.1 

77.8 
78.6 
78.4 

78.0 
78.0 
78.7 

78.6 
78.6 

78.4 

78.6 
78.4 
78.6 

77.6 
77.4 
78.5 

78.0 
77.4 
76.4 

78.0 
77.4 
76.5 

77.8 
78. 1 
78.3 

Cristobal. 

1907 

79.4 

78.8 
75.2 

78.9 
79.3 
79.1 

78.0 
78.7 
79.0 

78.4 
77.2 
76.5 

79.8 

77.8 
76.6 

1908 

1909 

79.5 

77.4 

79.6 
78.9 

79.7 
79.3 

80.1 
75.7 

78.8 
75.9 

79.0 

78.7 

78.4 
78.4 

78.9 
77.6 
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Mr. 
Saville. 


Table  18  and  the  diagram,  Fig.  6,  are  given  as  an  aid  to  judgment 


in  evaporation  estimates. 


DIAGRAM  SHOWING    EVAPORATION   AND  ALLIED  PHENOMENA 

FOR  BAS  OBISPO  STATION,  DURING   1907,   1908,  AND  1909 

STATION  ELEVATION  ^+72.   LATITUDE,   9''07'n.,    L0NGITUDE^79°42'W. 
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Fig.  6. 


TABLE  20.— Mean  Humidity— 1908. 


Month. 

Cristobal. 

Bas  Obispo. 

Month. 

Cristobal. 

Bas  Obispo. 

January 

80 
78 
79 
81 
90 
91 

88 
83 
82 
81 
94 
93 

July 

89 
90 
90 
90 
91 
88 

94 

February  

August 

95 

March 

April 

September 

October 

94 
95 

May 

June 

November 

December 

95 
95 

On  page  72  the  author  gives  the  temperatures  which  he  thinks 
will  obtain  in  the  lake.  These  are  probably  given  for  use  in  formulas 
connected  with  the  movement  of  ground-water.  From  such  records 
as  liave  been  obtained  on  the  Isthmus,  it  would  appear  that  the  assump- 
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tions  referred  to  above  are  in  excess  of  the  actual  conditions.    Table  21     Mr. 
is  a  record  of  the  temperatures   (in  degrees,  Fahrenheit)   which  have 
been  taken  in  Rio  Grande  Reservoir  in  1909. 

TABLE  21. 


Depth. 

June 
29th. 

July 
3lst. 

August 
28th. 

September 
29th. 

October 
19th. 

November 
25th. 

Surface 

90.7 
84.8 
81.2 
80.0 
79.5 
78.9 
78.3 
78.2 
7S.2 

83.3 

82.7 
80.0 
78.8 
78.0 
77.5 
77.3 
77.0 
77.0 
77.0 

77 

Cloudy 

223.0 

8.30  A.  M. 

84.2 
83.9 
81.8 
79.2 
78.0 
77-.  6 
77.3 
77.2 
77.1 
77.0 
77.0 
77.0 

83.0 
82.1 
81.4 
78.3 
77.2 
77.0 
76.8 
76.6 
76.5 
76.5 
76.5 

76!4 

81.6 
78.0 
76.5 
76.1 
76.0 
75.9 
75.9 
75.8 
75.6 
75.5 
75.4 

75!  4 

81.0 

4  ft.  below 

77.5 

8    "        '^     

75.6 

12    "        "      

75.2 

16    "        "      

74.7 

20    "        "      

74.0 

24    '^        "      

74.0 

28    ''        "      

74.0 

32    "        ''      

73.8 

38    "        "      

73.8 

40    "        "      

73.8 

44    "        "      

73.5 

46    "        "      

48    "        "      

73.5 

Temperature  of  I 
the  air                   j 

Weather 

8G 
Sunshine 

220.5 
4.20  p.  M. 

7G 

S  Partly  \ 
1  Cloudy  \ 

233.2 
8.15  A.M. 

76 

Cloudy 

235.3 

8.20  A.  M. 

78 

i   Partly  ( 
(  Cloudy  S 

236.6 
8.30  a.m. 

80 
Cloudy 

Elevation  of  water  | 
surface                   j 

Time 

237.9 
10.00  A.  M. 

The  author's  statement  that:  "When  a  deep  storage  reservoir  is 
formed  on  natural  ground,  there  is  usually  quite  a  loss  of  water  by 
percolation  through  its  bottom  and  sides,"  does  not  seem  to  be  founded 
on  fact.  If  this  were  the  case  the  storage  of  water  for  municipal  and 
commercial  uses  would  be  almost  prohibitive  in  its  cost.  The  writer 
does  not  understand  that  any  anxiety  is  being  felt  regarding  the  hold- 
ing of  water  in  the  big  Ashokan  Reservoir  for  the  New  York  supply, 
which  has  not  been  stripped,  nor  does  he  believe  that  there  is  any 
appreciable  loss  of  water  from  the  Croton  Reservoir  in  New  York  or 
the  Wachusett  Reservoir  in  Massachusetts.  The  latter  reservoir  was 
stripped,  but  for  other  purposes  than  the  examination  of  its  bottom 
and  sides  for  percolation.  In  fact,  the  very  stripping  of  this  reservoir 
should  tend,  if  anything,  to  make  it  more  porous,  as  the  fine  upper 
loam  and  soil  is  usually  a  much  more  effectual  seal  than  are  the  under 
strata. 

The  percolation  conditions  between  a  canal  artificially  cut  through 
varying  strata  and  a  lake  formed  in  a  natural  depression  of  the  ground 
would  seem  to  be  too  far  apart  for  comparison.  The  figures  in  Table  2, 
and  quoted  from  the  Report  of  the  Isthmian  Canal  Commission,  1908, 
page  196,  were  given  there  merely  as  an  extreme  condition,  to  empha- 
size the  point  that,  even  under  the  impossible  conditions  of  a  cutting 
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Mr.  through  porous  soil,  the  rate  of  flow  could  not  be  disastrous  to  the 
^'  stability  of  the  dam.  The  same  can  be  said  of  Table  3  and  the  data 
leading  up  to  it,  which  appeared  on  page  134  of  the  same  report. 
Extreme  conditions  were  utilized  to  show  stability,  and  it  was  ex- 
pressly stated  in  the  report  that  these  conditions  were  not  prevalent 
in  the  region  examined.  Contiguous  bore-holes  showed  dissimilar 
characteristics,  and  the  evidence  seemed  to  point  clearly  to  the  forma- 
tion of  a  comparatively  few  isolated  lenticular  deposits  of  exceedingly 
limited  extent  entirely  surrounded  by  a  large  mass  of  very  impervious 
material.  The  proposition  to  strip,  examine,  and  make  artificially 
impervious  the  whole  167  sq.  miles  of  area  to  be  flooded  seems  rather 
extravagant,  even  when  one  considers  the  Herculean  proportions  of  the 
Gatun  Dam. 

The  author  states  that  the  percolation  can  only  be  "guessed  at." 
Even  so,  it  has  the  basis  of  the  judgment  and  experience  of  engineers 
who  have  been  studying  this  particular  problem  for  the  past  two  years, 
using  all  standard  methods  for  obtaining  results.  A  "scientific  guess," 
it  was  aptly  termed  by  one  of  the  Engineer- Commissioners.  The 
author  believes  that  a  margin  of  safety  should  be  assumed  against 
risks  of  this  kind.  It  is  believed  by  all  who  have  investigated  this 
problem  on  the  ground,  who  have  actually  seen  the  country,  the  excava- 
tions, and  the  sample  borings,  and  who  are  familiar  with  natural  con- 
ditions on  the  Isthmus,  that  a  big  margin  of  safety  has  been  assumed. 
There  is  no  lack  of  experimental  data,  and  the  methods  and  results 
will  be  referred  to  later.  It  is  expected  to  show  clearly  that  the 
investigations  which  have  been  made  establish  a  safe  basis  for  judg- 
ment, without  reverting  to  general  assumptions  which  may  or  may 
not  be  founded  on  fact. 

The  first  five  of  his  tentative  assumptions  are  regarded  by  the  author 
as  self -compensating,  and  therefore  they  do  not  enter  into  the  discussion. 
The  author's  assumption  "f"''  is  "that  joints,  seams,  and  fissures  are 
generally  abundant  in  sandstones,  conglomerates,  and  other  rocks  like 
those  found  in  the  Canal  Zone."  This  is  a  comparatively  general  state- 
ment for  sandstones  and  conglomerates,  and,  were  the  strata  on  the 
Isthmus  similar  to  the  coarse  sandstones  and  soft  conglomerates  of 
open  texture  that  are  found  in  the  United  States,  the  conditions  might 
demand  different  treatment.  Very  little  coarse  sandstone  and  con- 
glomerate has  been  found,  but  it  was  thoroughly  traced  by  borings, 
and  such  precautions  were  taken  as  would  prevent  danger  from  this 
source.  This  stratum  itself,  however,  in  its  natural  condition  and 
with  its  thick  impervious  covering  of  soil,  would  have  probably  offered 
no  appreciable  opportunity  for  seepage.  Almost  the  entire  mass  of  the 
rock  found  in  the  ridges  is  called  argillaceous  sandstone;  it  is  of  very 
finely-divided  material,  and  contains  very  little  grit.  It  is  not  very 
hard,  is  greasy  to  the  touch,  and  some  of  it  cuts  readily  with  a  knife. 
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showing  the  polished  surface  of  chalk  or  soapstone.  Tests  made  to  Mr. 
determine  its  porosity  showed  that  it  was  practically  impervious  to  the  ^^' '®' 
flow  of  water.  The  seams  and  fissures  in  this  rock  are  not  abundant, 
nor  do  they  appear  to  be  of  great  extent.  Diamond  drill  cores  more 
than  7  ft.  long  have  often  been  taken  from  the  holes.  In  no  case  in 
all  the  borings  has  any  fissure  or  cavity  been  found,  in  rock  forma- 
tions unshaken  by  blasting,  that  would  suggest  the  possibility  of  a 
watercourse  or  the  free  passage  for  water  that  could  be  considered  of 
serious  moment.  The  surface  covering  all  over  the  lake  area  is  from 
5  to  20  ft.  thick  on  the  valley  sides,  and  the  bottom  layer,  to  the  bed- 
rock, is  several  hundred  feet  thick.  This  bottom  covering  extends 
southward  from  Gatun  nearly  to  Bohio,  a  distance  of  about  8  miles 
in  a  straight  line,  gradually  growing  less  in  thickness  and  coarser  in 
texture.  It  is  formed  of  the  clays  and  very  finely-divided  materials 
brought  down  the  river  and  deposited  in  the.  almost  stagnant  waters 
which  were  anciently  found  below  Bohio.  This  condition  appeared 
both  when  the  region  was  depressed  and  the  sea  made  in,  and  when 
it  was  elevated  and  a  large  fresh-water  lake  was  held  back  by  the 
ridges  at  Gatun.  It  also  obtains  at  the  present  time  when  the  water 
backs  up  at  Gatun,  due  to  freshets.  In  any  case,  the  deposit  below 
Bohio  is  of  such  a  character  that  it  is  not  probable  that  this  area  could 
be  made  more  impervious  by  any  reasonable  artificial  methods.  Due 
to  this  same  cause,  the  bottom  and  sides  of  the  proposed  lake  will 
become  more  and  more  impervious  as  time  goes  by  and  the  sedi- 
mentary deposits  slowly  increase.  On  the  sides  and  crests  of  the 
ridges,  the  rock  has  gradually  weathered  to  a  red  clay.  This  is 
practically  impervious  at  the  surface,  but  grows  more  and  more  open 
until  it  reaches  the  firm  and  impervious  rock.  Immediately  on  top 
of  this  rock  the  material  is  coarse  and  open.  Here  is  found  the  condi- 
tion for  percolation  and  ground  storage  of  water.  The  entire  ridge 
on  the  west  side  of  Gatun  Lake  has  been  meandered  for  low  places 
in  the  divide  and  from  Lagarto  to  Gatun,  where  the  ridge  is  lowest, 
especial  investigations  have  been  made,  the  results  of  which  will  be 
described  later.  North  of  Lagarto,  the  ridges  become  higher,  and  the 
rock  changes  from  the  argillaceous  sandstone  to  a  trap  formation. 

In  assumption  "^/'  it  is  stated  that  "the  absence  of  lakes  and 
springs  in  the  whole  region  strongly  indicates  either  good  drainage  or 
ample  underground  communication  with  water-absorbing  strata."  As 
intimated  above,  no  strata  have  been  encountered  in  any  of  the  borings 
in  the  ridges  which,  by  a  stretch  of  imagination,  could  be  called 
"water-absorbing,"  except  the  layer  of  disintegrated  rock  lying  immedi- 
ately on  top  of  the  firm  formation.  If  by  good  drainage  the  author 
means  surface  conditions,  it  can  be  stated  that  the  topography  of  this 
entire  basin  shows  almost  perfect  conditions,  and  a  study  of  a  relief 
map  will  show  why  no  mountain  lakes  appear  in  this  region.     Kegard- 
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Mr.  ing  the  absence  of  permanent  springs  and  surface-water  storage  condi- 
^"  tions,  the  author  is  in  error.  All  the  high  ridges  furnish  perennial 
brooks  of  greater  or  less  size,  due  to  rainfall  conditions,  and  these  are 
fed  by  springs  rising  from  the  disintegrated  rock  layer  previously 
referred  to.  Many  of  these  springs  take  their  rise  at  an  elevation  far 
above  that  of  the  proposed  lake  surface,  and  continue  to  flow  through- 
out the  dry  season.  Their  torrential  flow  during  the  wet  season  has 
cut  their  courses  deep  through  the  overlying  clay  covering  and  down 
to  the  firm  rock,  over  which  they  run  in  a  series  of  rapids,  forming, 
in  the  dry  season,  a  succession  of  falls  and  pools.  That  these  streams 
continue  to  be  fed  and  to  run  down  the  hillsides  in  periods  of  little 
rainfall  is  evidence  of  the  water-tightness  of  the  rock  in  the  ridges. 
On  the  Caribbean  side  of  the  ridge,  and  extending  from  Lagarto  to 
Escoval,  there  is  an  immense  swamp,  at  an  elevation  of  68  ft.  above 
sea  level  and  from  50  to  55  ft.  above  the  elevation  of  the  Trinidad 
River  Basin  level  on  the  other  side  of  the  ridge.  There  is  water  in 
abundance  in  this  swamp  throughout  the  dry  season,  and  borings  show 
that  it  is  in  a  depression  of  the  rock.  If  these  ridges  were  permeable 
to  any  extent,  this  swamp  would  cease  to  exist,  as  its  waters  would 
seep  through  into  the  Trinidad  drainage.  The  whole  Trinidad  Basin 
in  the  limits  of  the  proposed  lake  is  a  series  of  extensive  swamps, 
which  are  filled  with  water,  and  open  lagoons  with  a  surface  elevation 
of  from  8  to  15  ft.  above  the  waters  of  the  rivers  into  which  their 
overflow  drains  through  small  brooks  and  cuts  in  the  banks.  The 
Gatun  Biver  Basin  furnishes  a  similar  example  of  swamp  and  stream 
flow.  Similar  conditions  also  are  found  on  Lirio  Lagoon,  opposite 
Culebra,  and  in  Rio  Grande  Reservoir.  Quite  extensive  lagoons  are 
found  in  the  vicinity  of  Bohio,  above  the  ordinary  elevation  of  the 
Chagres  River,  and  an  artificial  pond  several  acres  in  extent  was 
formed  by  an  old  French  dump  near  the  French  storehouses  on  the 
west  side  of  the  river.  This  pond,  fed  only  by  comparatively  local 
run-off,  has  a  considerable  depth  of  water  during  the  entire  dry  season, 
and  is  utilized  as  a  station  for  testing  the  current  meters  used  in  the 
river  gaugings.  The  deep  cuttings  for  the  canal  have  disclosed  no 
water-bearing  strata,  either  of  rock  or  gravel,  and  the  bottom  of  the 
excavation  in  many  places  is  far  below  streams  and  watercourses  which 
are  comparatively  near  the  edge  of  the  cut. 

A  brief  description  will  now  be  given  of  the  borings  which  have 
been  made  in  the  ridges  for  the  particular  purpose  of  investigating 
the  seepage  conditions  to  which  the  author  refers.  In  running  out  the 
ridge  line,  low  saddles  were  found  in  the  divide  at  the  places  called 
Escoval  (El.  118),  Arroya  (El.  Ill),  Cano  (El.  87),  and  Lagarto 
(El.  106).  Investigations  with  a  diamond  drill  were  made,  together 
with  comprehensive  tests  for  loss  of  water  at  various  elevations.  Com- 
plete topographical  maps  were  made  of  the  immediate  vicinity  of  the 


I 


PLATE  V. 

TRANS.  AM.  80C.  CIV.  E.NGRS. 

VOL.  LXVII,  No.  1145. 

SAVILLE  ON 

WATER  SUPPLY  FOR  THE  LOCK  CANAL  AT  PANAMA. 


i 


DISCUSSION  :     WATER    SUPPLY    FOR    PANAMA    CANAL  129 

low  places,  and  holes  were  located  for  drilling  where  it  was  thought  the  Mr. 
worst  conditions  might  be  found.  Plate  V  is  the  topographical  ^^^  ^' 
map  showing  the  borings  at  Escoval,  and  is  typical  of  conditions  and 
methods  elsewhere.  Fig.  7  is  a  section  through  the  ridge  at  Escoval. 
The  investigations  of  these  ridges  show  impermeable  materials;  very 
little  water  was  lost  in  any  of  the  bore-holes,  and  only  for  short  and 
intermittent  periods.  In  all  cases  where  the  elevation  of  the  ground 
permitted,  the  ground-water  stands  naturally  in  the  holes  at  elevations 
higher  than  the  surface  of  the  proposed  lake.  This  condition  of  ground- 
water is  taken  as  an  indication  of  the  imperviousness  of  the  materials 
forming  the  ridges.  In  the  Cano  Saddle  the  elevation  of  the  surface 
and  the  overlying  disintegrated  rock  is  such  that  a  concrete  cut-off 
wall  or  other  impervious  structure  will  probably  be  necessary  to  pre- 
vent outflow.  This  will  be  a  comparatively  simple  affair,  reaching 
only  to  a  maximum  depth  of  25  ft.,  and  its  length  will  be  compara- 
tively short.  At  all  other  places  the  ridge  is  of  sufficient  height  and 
thickness  to  confine  the  lake  safely.  The  thinnest  rock  section, 
except  as  noted  above  for  artificial  protection,  is  more  than  400  ft., 
and  through  a  fine-grained  impervious  stratum.  The  maximum  depth 
explored  was  about  100  ft.  below  sea  level,  and  most  of  the  holes  were 
driven  from  10  to  40  ft.  below  this  datum.  The  surface  conditions 
were  carefully  noted,  and,  although  the  sides  and  beds  of  the  streams 
are  exposed  to  the  torrential  rushes  of  large  quantities  of  water,  the 
erosion  is  very  little,  which  is  excellent  evidence  of  the  permanency 
and  resistance  of  this  formation. 

The  following  statements  summarize  the  methods  of  procedure 
which  have  been  undertaken  to  obtain  information  on  which  to  base 
judgment  as  to  the  character  of  the  materials  in  the  bottom  and  side 
ridges  of  the  basin  which  is  to  hold  the  proposed  Gatun  Lake.  The 
bottom  deposits  were  thoroughly  examined,  and  the  results  and  con- 
clusions are  given  in  the  Report  of  the  Isthmian  Canal  Commission.* 
A  final  report  on  the  borings  in  the  Escoval  Saddle  is  to  bo  found 
in  the  Report  of  the  Isthmian  Canal  Commission,  1909  (page  201), 
which  will  soon  bg  issued.  The  work  at  the  other  saddles — Arroya, 
Cano,  and  Lagarto — has  been  completed  since  submitting  the  annual 
report.  Summaries  of  these  reports  are  given  above.  Directions  were 
given  by  the  Chief  Engineer  to  examine  thoroughly  the  ridges  on  the 
west  side  of  Gatun  Lake,  both  for  loss  of  water  by  seepage  and  to 
develop  what  construction,  if  any,  would  be  necessary  in  the  low  por- 
tions of  the  ridges. 

The  ridge  line  southward  from  Gatun  was  run  out  by  a  survey 
party.  Following  this,  all  places  in  the  ridge  which  were  either  at  a 
less  elevation  than  150  ft.  above  mean  sea  level  or  had  a  thickness  of 
less  than  2  000  ft.,  were  carefully  explored.     At  least  two  independent 

*  AppendixE,  1908. 
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Mr.  parties  carefully  investigated  these  places,  paying  especial  attention 
^^''''^^-  to  stream  flow,  rock  outcrops,  and  general  topography.  From  this  study 
the  lowest  and  thinnest  places  were  chosen,  detailed  topography  was 
taken,  and  positions  for  diamond  drill  holes  were  located  from  the 
plans.  These  holes  were  drilled  with  particular  care  to  get  informa- 
tion regarding  their  entire  depth,  and  especial  precautions  were  taken 
and  tests  made  to  ascertain  the  action  of  water  on  the  formation. 
From  personal  investigation  on  the  ground,  and  knowledge  from  the 
seepage  tests  and  study  of  the  samples,  the  writer  believes  that  the 
materials  as  found  in  the  ridges  at  Escoval,  Arroya,  Cano,  and 
Lagarto  are  representative  of  the  formation  in  the  ridges  about  Gatun 
and  north  thereof  to  the  trap-rock  region  near  the  southwest  end  of 
the  proposed  Gatun  Lake. 

On  the  south  and  east  borders  of  the  lake  no  losses  by  percolation 
can  be  apprehended,  on  account  of  the  height  and  thickness  of  the 
ridges.  On  the  northwest  side,  for  a  distance  of  about  9  miles  from 
Gatun,  the  ridges  have  not  yet  received  the  careful  attention  given 
south  of  this  point.  Some  exploration  and  investigation  has  been 
made  there,  however,  and  nothing  has  been  found  that  would  cause 
apprehension.  It  is  believed  that  the  investigations  which  have  been 
made  are  more  thorough  than  is  usual,  even  with  Government  work, 
but  were  justified  by  the  importance  of  this  undertaking.  From  these 
investigations  nothing  has  as  yet  developed  that  would  suggest  increas- 
ing the  figures  used  ])y  the  Consulting  Board  of  Engineers.  The  loss 
of  water  by  seepage,  however,  has  not  been  "authoritatively  dismissed 
as  'an  impossibility,'  "  as  stated  by  the  author,  either  by  the  Board  of 
Consulting  Engineers  or  in  subsequent  calculations,  for  on  pages  75 
and  195  of  the  Keport  of  the  Consulting  Engineers  an  amount 
equivalent  to  77  cu.  ft.  per  sec.  is  cited,  and  it  is  the  writer's  impres- 
sion that  85  cu.  ft.  per  sec.  is  the  figure  now  used  in  calculations. 

To  sum  up :  Evidence  of  the  impermeability  of  these  ridges  is 
drawn  from  the  following: 

(a). — ^The  small  amount  of  wash-water  lost  and  the  ease  with  which 
it  was  regained  during  drilling; 

(h). — The  fact  that  the  holes  could  be  filled  with  water  and  kept 
filled  to  the  surface  of  the  ground,  and  that  the  only  loss  at  all  appeared 
in  the  disintegrated  layer  overlying  the  rock,  which,  in  all  cases, 
except  at  Cano,  mentioned  above,  is  at  an  elevation  higher  than  the 
proposed  lake  surface; 

(-). — That  the  bore-holes  to  a  depth  of  from  100  to  120  ft.  were 
easily  bailed  out  with  the  sand  pump; 

(d). — That  water  did  not  appear  on  the  face  of  the  ridges  during 
pumping  and  filling  the  holes,  although  this  exposed  portion  was  at 
times  less  than  150  ft.  away; 
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Mr.  (e). — That  water  appeared  only  slightly  in  one  case  in  a  neighbor- 

^^   ^   ing  hole  when  one  hole  was  being  filled; 

(/). — That  when  bailing  ceased  and  the  holes  were  clear,  the  water 
gradually  rose  to  a  higher  elevation  in  the  holes  than  the  proposed  lake 
level  (due  probably  to  downflow  from  the  disintegrated  rock  layer 
above),  and  remained  in  this  position; 

(g). — That  the  exploration  has  been  thorough  and  to  reasonable 
depths,  and  that  comparatively  compact  and  dense  rock  has  been 
penetrated ; 

(h). — That  streams  continuous  throughout  the  dry  season  are  of 
common  occurrence,  coming  down  from  the  tops  of  the  ridges  and 
being  fed  by  perennial  springs; 

(^). — 'That  extensive  swamps,  lagoons,  and  ponds  are  frequent  at 
high  and  low  elevations,  and  in  positions  to  drain  readily  if  the  forma- 
tion permitted;  and  that  the  swamps  do  not  dry  up  during  the  dry 
season,  but  are  continually  filled  with  water. 

Finally,  the  writer  desires  to  quote  the  opinion*  of  General  H.  L. 
Abbot,  who,  more  than  any  other  engineer,  has  studied  the  hydraulic 
conditions  that  relate  to  the  Isthmian  Canal,  and  is  able  to  speak  with 
the  authority  of  intimate  knowledge.  What  he  has  said  regarding 
the  conditions  above  Bohio  applies  with  even  more  force  to  the  region 
below  that  point: 

"In  the  case  of  the  Chagres  Valley,  the  geological  examinations 
give  every  promise  that  the  water  impounded  would  be  retained  with 
even  less  infiltration  than  usual;  but  following  their  habit  of  neglect- 
ing nothing  which  could  throw  light  upon  the  problem,  the  Engineers 
of  the  New  Company  instituted  what  is  perhaps  the  most  elaborate 
study  of  the  ratio  between  downfall  and  drainage  that  has  yet  been 
made  in  a  tropical  valley  like  that  of  the  Chagres  above  Bohio.  The 
results  leave  no  doubt  that  the  subsoil  is  fully  saturated  with  water, 
and  that  no  open  route  exists  for  any  considerable  subterranean  escape. 
On  the  contrary,  the  stream  receives  large  contributions  from  this 
source. 

"In  round  numbers,  it  appears  that,  of  the  entire  rainfall  in  the 
basin,  about  one-third  evaporates,  another  third  flows  off  directly  by 
the  bed  of  the  river,  and  the  residue,  after  a  retardation  of  perhaps 
three  months  by  its  passage  through  the  soil,  ultimately  reaches  the 
river  as  ground-water.  During  the  dry  months  it  supplies  much  the 
larger  part  of  the  flow.  In  fine,  the  conditions  of  this  tropical  basin, 
as  compared  with  those  existing  in  the  northeastern  portion  of  the 
United  States,  indicate  per  square  mile  about  2.5  times  the  rainfall, 
3.3  times  the  outflow,  and  1.5  times  the  evaporation." 

Tables  10,  12,  13,  17,  Figs.  3,  5,  6,  and  Plate  V,  which  accompany 
this  discussion,  are  from  the  Annual  Report  of  the  Isthmian  Canal 
Commission  for  the  year  ending  June  30th,  1909. 

*  "  Problems  of  the  Panama  Canal,"  p.  164. 
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Julio  F.  Sorzano,  M.  Am.  Soc.  C.  E.  (by  letter). — The  writer  Mr. 
highly  appreciates  the  fact  that  five  eminent  engineers  should  have  ^'^''^^°o- 
had  the  patience  to  read  his  paper,  and  the  kindness  to  criticize  it  in 
full.  In  replying  to  them  now,  he  finds  himself  somewhat  single- 
handed — one  foil  against  five  keen  sabres — and,  on  that  account,  he 
begs  forgiveness  if,  like  a  swordsman  when  crowded,  he  has  had  to 
use  a  little  riposte  between  his  parries. 

The  importance  of  the  various  questions  discussed,  and  the  detailed 
and  specific  manner  in  which  each  criticism  has  been  presented,  from 
different  points  of  view,  have  compelled  the  writer  to  answer  in  the 
same  manner — paragraph  by  paragraph — in  order  that  no  important 
point  may  be  overlooked.  He  only  regrets  not  to  have  been  able  to 
group  and  condense  as  much  as  he  would  have  wished. 

Clearance  for  Navigation,  and  Depth  of  Water. 

The  writer  takes  pleasure  in  admitting  that  if  these  questions 
referred  only  to  the  construction  of  locks  for  inland  navigation,  no 
better  authority  could  be  found  to  decide  on  the  dimensions  to  be 
adopted  than  Colonel  Hodges,  who  has  had  such  good  opportunities 
to  study  and  build  some  of  the  finest  river  locks.  In  a  canal  for 
deep-sea  navigation,  however,  the  problems  are  more  complicated,  and 
of  such  importance  in  regard  to  their  adaptation  to  the  necessities 
of  general  shipping  and  naval  service,  that  perhaps  the  opinion  of 
those  who  will  use  the  Canal  may  also  be  of  some  importance. 

For  this  reason,  before  writing  the  paper,  the  writer  thought  it  wise 
to  seek  the  advice  of  men  likely  to  be  most  interested  in  the  future 
use  of  the  Panama  Canal :  naval  officers,  managers  of  steamship  com- 
panies, navigators,  captains  of  transatlantic  steamers,  presidents  of 
marine  insurance  institutions,  ship-brokers,  agents,  merchants,  ship- 
pers, commanders  of  battleships,  pilots  who  handle  the  largest  craft 
afloat,  etc. 

The  data  thus  obtained,  during  three  months  of  an  arduous  in- 
vestigation, suggested  the  "clearance"  figures  given  in  the  paper.  The 
writer  had  originally  assumed  only  2  ft.  clearance  in  the  still  waters 
of  the  canal  proper  and  4  ft.  for  the  open  lake;  but,  after  having 
heard  such  experts,  he  saw  the  necessity  of  adopting  clearances  of 
"3  ft.  in  the  canal  proper  and  6  ft.  in  the  lake,"  believing  that  in  a 
question  of  such  importance,  the  opinions  of  those  who  are  to  navigate 
the  canal  should  have  paramount  weight. 

The  officers  of  the  Navy,  the  seafaring  men,  captains,  navigators, 
pilots — all  those  consulted — disagree,  in  their  ideas,  with  Colonel 
Hodges  on  the  small  clearance  that  he  considers  sufficient  for  safe 
navigation. 

As  for  passing  vessels  drawing  "practically  every  inch  of  water 
which  the  elevation  of  the  sill  will  ])ermit,  and  sometimes,  strangely 
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Mr.      enough,  a  little  more,"  as  Colonel  Hodges  says,  this  cannot  be  con- 

Sorzano.  ^^^^^6(1  seriously  in  a  waterway  intended  to  serve  our  Navy  and  our 

commerce  in  competition  with  the  rest  of  the  world  and  for  "all  time 

come." 

The  writer  has  a  photograph  showing  a  lake  steamer  "stuck"  on  the 
sill  of  one  of  the  St.  Mary's  Falls  locks,  with  several  tugs  around 
her,  puffing  in  their  strenuous  efforts  to  release  her.  She  is  probably 
one  of  those  trying  to  navigate  in  less  water  than  her  draft.  It  is  to 
be  hoped  that  the  water  supply  in  Gatun  Lake  will  offer  to  our  Navy 
something  better  than  that  in  the  future. 

In  this  matter  of  clearance  there  is  also  a  point  which  the  writer 
has  not  seen  mentioned  anywhere  in  connection  with  the  Panama 
Canal,  namely,  the  provision  to  be  made  for  passing  vessels  damaged 
by  stranding,  or  for  battleships  injured  in  action  or  otherwise,  and 
drawing  perhaps  4  or  5  ft.  more  than  their  ordinary  sea-going  draft. 
As  one  of  the  most  important  uses  of  the  Panama  Canal  is  for  our 
Navy,  it  might  be  unpardonable  to  overlook  this  point. 

Colonel  Hodges'  clearance  ideas  are  applicable  only  for  vessels  on 
perfectly  still  waters  and  in  calm  weather;  but  the  Canal  is  to  be  used, 
not  during  good  weather  only,  but  at  all  times.  If  the  service  is  to 
be  interrupted,  not  only  by  fogs,  but  by  storms,  high  winds,  northers, 
high  waves,  etc.,  the  Lock  Canal  will  be  useless  for  a  great  part  of  the 
time,  and  perhaps  when  most  needed. 

The  foregoing  considerations,  and  the  belief  that  the  difficulty  of 
steering  a  large  vessel  when  there  is  but  little  water  under  her  keel 
adds  considerably  to  the  dangers  of  navigating  submerged  channels 
like  those  in  Lake  Gatun,  confirm  the  writer  in  his  opinion  that  the 
clearances  suggested  in  the  paper  are  advisable. 

The  arrangement  of  the  tables,  however,  permits  the  reader  to 
adopt  his  own  figures  and  deduce  his  own  conclusions. 

The  writer  did  not  suggest  3  ft.  clearance  for  the  locks,  as  Colonel 
Hodges  says.  The  clearances  named  were  only  for  "the  canal  proper" 
and  on  the  lake,  where  vessels  will  have  some  speed.  The  paper  also 
said : 

"Any  reduction  of  such  clearances  will  increase  proportionately 
the  risks  and  dangers  of  navigation  through  the  submerged  channels 
in  Lake  Gatun,  particularly  on  the  rocky  bottoms  and  short  navigating 
'legs'  above  Bohic,  on  account  of  the  heavy  fogs  that  will  frequently 
prevail   there." 

Dimensions  of  Future  Vessels. — Colonel  Hodges  says  that  "anyone 
is  at  liberty  to  prophesy,"  etc.  The  writer  did  not  know  he  was 
prophesying  when  he  gave  his  reasons  for  believing  that  the  dimen- 
sions of  vessels  may  continue  to  increase  in  the  future.  It  is  well  to 
remember  that  in  1900  the  judgnent  of  the  authorities  responsible  for 
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the  Lock  Canal  dimensions,  as  to  the  probable  future  needs  of  naviga-      Mr. 
tion,  was  that :  Sorzano. 

"Locks  95  ft.  wide  with  a  usable  length  of  900  ft.  will  fully  meet 
the  requirements  for  both  commercial  and  war  ships,  for  a  long  term 
of  years." 

That  was  said  only  three  years  ago;  but,  since  then  the  increase 
in  marine  dimensions  continued  to  be  such  that,  before  the  three  years 
had  elapsed,  the  Navy  Department  had  to  declare  those  dimensions 
inadequate  and  insufficient.  The  locks — in  spite  of  the  eminence  of 
the  men  responsible  for  their  original  dimensions — have  had  to  be 
enlarged  three  times  since  their  adoption;  to-day,  they  are  not  half 
finished,  and  yet  they  are  smaller  than  the  locks  now  being  built  by 
Germany  at  Kiel,*  and  by  the  United  States  at  St.  Mary's  Falls  for 
lake  navigation.  The  judgment  of  the  Lock  Canal  authorities,  evoked 
by  Colonel  Hodges,  evidently  did  not  result  in  an  accurate  estimate  of 
the  possibilities  of  the  future,  even  within  three  years;  will  their 
assumptions  for  the  greater  future  be  more  accurate? 

The  writer  did  not  attempt  to  "prophesy,"  nor  even  prognosticate 
what  the  dimensions  of  future  vessels  will  be;  he  said,  very  plainly, 
"he  will  not  presume  to  predetermine  here,  even  approximately,  what 
the  dimensions  of  such  future  vessels  will  be."  His  presages  were 
only  based  on  the  developments  of  the  past,  and  on  the  assumption 
that  "if  the  same  gradual  average  increase  be  kept  for  30  years  more, 
etc.,  etc."  He  has  no  objection,  though,  to  having  his  forebodings 
taken  as  prophesies  when  analyzing  elements  of  risks  in  the  future, 
on  matters  of  such  transcendental  importance  to  the  country. 

Draft  of  Vessels.- — The  Panama  Canal  is  not  being  built  to  pass 
barges  and  tugs  only  from  Colon  to  Panama.  It  is  intended  to  give 
convenient  passage  to  alt  sizes  of  naval  and  commercial  vessels  coming 
from  all  parts  of  the  world,  and  on  their  way  for  several  thousand 
more  miles  at  each  end  of  that  waterway.  Any  ship,  in  order  to 
navigate  such  long  routes  on  the  great  oceans,  must  have  not  only 
tonnage  enough  to  carry  her  own  fuel,  but  sufficient  cargo  capacity  to 
be  a  paying  carrier.  To  do  this,  and  be  safe  on  the  deep  seas,  she 
must  also  have  beam  and  draft.  With  the  exception  of  pleasure 
yachts,  vessels  drawing  less  than  22  ft.  could  not  do  such  service  and 
afford  to  pay  the  toll  through  the  canal.  Vessels  of  such  small  draft 
will  not  be  built  hereafter  to  carry  merchandise  on  such  long  routes, 
the  tendency  being  to  build  as  large  and  deep  as  possible,  and  bigger 
every  year.  The  average  tonnage  of  ships  passing  through  the  Suez 
Canal  (6  000  tons)  has  increased  more  than  100  tons  per  year,  and 
is  now  limited  only  by  the  depth  of  that  waterway.  On  the  Panama 
route,   with  its  longer  stretches,   the  minimum  economical  sizes  will 

*0f  unlimited  length,  and  147  ft.  wide. 
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Mr.      not  be  less  than  C  000  tons  per  carrier,  and  with  a  minimum  draft  of 

Sorzano.  ^g  ^^^ 

This  is  a  very  important  point  to  bear  in  mind  in  connection 
with  Colonel  Hodges'  idea  of  using  the  intermediate  gates  for  the 
greater  part  of  the  future  traffic.  His  proposed  manipulation  of 
gates  and  contents  of  locks  will  not  permit  the  passage  of  the  small 
commercial  ship  which  could  use  the  canal  economically.  The  tramp 
carriers  now  built  are  more  than  350  ft.  in  length  and  have  a  draft 
of  25  ft. 

As  for  the  largest  carriers  probable,  inasmuch  as  the  writer  has 
already  been  taken  to  task  for  prophesying,  he  will  venture  now  to 
express  the  belief  that,  if  the  dimensions  of  the  locks  did  not  prevent 
it,  the  next  25  years  would  produce  vessels  1  185  ft.  in  length,  having 
115  ft.  beam  and  more  than  45  ft.  draft.  Such  carriers,  built  with  a 
longitudinal  central  truss  extending  from  end  to  end  and  from  keel  to 
upper  deck,  could  ride  over  four  of  the  longest  waves.  Driven  by  direct 
combustion  or  gas  engines,  with  liquid  fuel,  no  boilers,  perhaps  by 
thermo-electrical  motors,  these  leviathans,  with  a  small  crew  of  well- 
paid  men,  would  make  it  possible  for  our  great  corporations  to  deliver 
in  the  Orient,  our  coal,  oil,  railroad  materials,  etc.,  at  the  lowest 
possible  cost.  The  Lock  Canal,  as  now  being  built,  will  not  accom- 
modate such  large  carriers;  the  Suez  Canal,  now  being  incessantly 
enlarged,  will  some  day  give  passage  to  still  larger  vessels. 

Depth  of  Harbors. — The  writer  does  not  share  Colonel  Hodges' 
anxiety  as  to  the  possible  effect  of  the  increased  draft  of  vessels  on 
harbors,  the  expenses  of  mankind,  etc.  It  is  certainly  not  admitted 
by  shipbuilders  that  craft  will  not  be  made  larger  in  the  future 
because  the  majority  of  ports  could  not  receive  them,  as  Colonel 
Plodges  says. 

The  fact  that  such  ports  as  Bordeaux,  Havre,  Antwerp,  and  a 
hundred  harbors  of  Europe  could  not  have  received  at  their  docks  a 
vessel  of  the  size  of  the  Lusitania,  did  not  prevent  England  from 
building,  not  only  that  vessel,  but  the  Mauretania,  the  Olympic,  the 
Titanic,  etc.,  and  will  not  prevent  her  from  producing  larger  ones  if 
commerce  should  demand  it.  If,  in  tlie  future,  Liverpool  and  other 
great  ports  of  England  should  not  be  able  to  receive  larger  boats  than 
the  Olympic  and  Titanic,  New  York,  Boston,  Seattle,  Portland,  or 
San  Francisco  will  not  be  prevented  from  berthing  the  still  larger 
craft  that  the  future  may  produce. 

The  writer  remembers  well  that  not  longer  ago  than  the  early 
Eighties,  the  same  arguments  as  those  advanced  now  by  Colonel 
Hodges  were  used  to  predicate  that  no  vessels  as  large  as  the  Great 
Eastern  would  ever  be  built,  because  the  harbors  of  the  world  could  not 
receive  them.  How  fallacious  such  arguments  were,  is  well  proven  by 
the  great  number  of  vessels  larger  than  the  Great  Eastern  now  afloat. 
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If  that  contention  had  ever  been  sound,  three-fourths  of  the  world's     Mr 
large  carriers  would  never  have  had  more  than  12  or  14  ft.  draft.  Sorzano. 

It  is  well  known  to  those  who  ship  goods  to  foreign  countries 
that,  in  the  great  majority  of  cases,  vessels  on  arriving  at  their 
destination  go  only  to  anchorages,  where  lighters  come  to  receive  and 
deliver  the  cargoes.  This  is  done  all  over  the  world,  when  necessary, 
and  few  ports  have  facilities  to  do  anything  else.  The  writer  has 
chartered  a  number  of  vessels  from  New  York,  and  delivered  thousands 
of  tons  of  machinery  and  steelwork  at  distant  localities,  where  the 
depth  of  water  did  not  show  even  a  5-ft.  draft. 

For  long-distance  sea  transportation,  the  important  elements  that 
influence  the  size  of  vessels,  in  addition  to  commercial  and  shipping 
conditions  at  the  home  port,  are:  (A)  the  intermediate  obstacles,  and 
(B)  the  distance. 

A. — Intermediate  Obstacles. — An  example  will  perhaps  make  this 
clear.  Suppose  a  vessel  is  required  for  the  service  between  New  York 
and  Chefoo  via  the  Horn.  In  practice,  such  a  carrier  will  be  chosen 
in  accordance  with  the  shipping  conditions  at  New  York  and  the  long 
distance  to  be  covered,  and  not  according  to  the  depth  of  water  along- 
side of  piers  at  Chefoo.  At  the  latter  port  she  will  go  to  an 
anchorage,  unload  on  lighters,  and  receive  in  the  same  manner  her 
return  cargo. 

The  same  vessel,  loaded  from  New  York  to  Chefoo,  via  the  Suez 
Canal,  for  example,  will  have  her  draft  limited  by  the  "intermediate 
obstacle,"  namely,  the  depth  of  the  Suez  Canal,  and  will  be  chartered 
as  large  as  that  canal  will  permit,  irrespective  of  the  pier  difficulties 
at  Chefoo,  or  the  facilities  at  New  York. 

The  few  ports  having  their  anchorages  separated  from  the  rest 
of  the  commercial  world  by  shoals  or  bars  may  have  to  do  some  extra 
dredging  in  order  to  benefit  from  the  large  carriers,  but  the  expense  to 
which  Colonel  Hodges  believes  "u^ankind  would  be  forced  by  such 
development"  would  be  considerably  less  than  the  accumulated  extra 
cost  of  the  higher  freight  rates  that  would  result,  if  all  carriers  had 
to  remain  small  in  order  to  meet  the  limitations  of  those  few  ports  or 
the  restrictions  of  an  inadequate  intervening  canal. 

B. — Distance  as  a  Factor. — The  longer  a  route — without  recoaling 
— the  larger  a  steamship  must  be  in  order  to  be  able  to  carry  fuel 
enough  to  complete  her  voyage.  The  ratio  of  that  fuel  capacity  to 
the  net  cargo  transported  is  the  most  important  factor  confronting 
the  marine  architect.  The  simple  consideration  that,  if  the  size  of  a 
freighter  is  increased,  for  instance,  10  times,  its  fuel  consumption 
would  increase  only  5  times  (neglecting  all  other  economies  due  to  a 
larger  unit),  indicates  the  absolute  necessity  of  buildiug  "as  large  as 
possible"  for  extra  long  routes,  in  order  to  reduce  the  cost  of  transporta- 
tion "per  ton  of  freight  carried." 
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Mr.  Any  canal  with  unalterable  locks  or  other  immutable  restrictions 

Sorzano.  preventing  the  construction  in  the  future  of  such  large  carriers,  will 
not  only  destroy  the  natural  advantages  of  all  the  favored  harbors 
that  could  receive  such  large  carriers,  but  will  indirectly  affect  man- 
kind by  retarding  progress. 

Obstacles. — This  is  one  of  the  most  important  points  in  the  canal 
problem;  it  is  not  simply  a  commercial  question;  it  involves  the 
highest  engineering  considerations,  if  engineering  is  the  application 
of  the  resources  of  Nature  for  the  benefit  of  Man. 

The  river  engineers  of  the  United  States  who,  after  years  of  ex- 
perience in  inland  waterways,  have  naturally  been  brought  up  to 
submit  to  the  depth  of  long  shallow  rivers  as  natural,  insurmountable 
limitations,  and  who  have  had  always  to  deal  only  with  uniform 
craft  built  to  meet  such  limitations,  cannot  realize,  it  seems,  that 
the  conditions  of  inter-oceanic  navigation  are  totally  different.  They 
seem  to  forget  that  the  canal  at  Panama  will  be  a  short  link,  only 
50  miles  in  length,  connecting  two  vast  oceans,  with  half  the  circum- 
ference of  the  earth  on  each  side,  built  to  pass  vessels  of  all  sizes, 
converging  from  all  quarters  of  the  globe  to  that  canal.  Under  such 
conditions,  the  angle  of  vision  must  be  enlarged,  not  only  in  propor- 
tion to  these  features,  but  to  the  possibilities  that  will  develop  by  the 
opening  of  the  canal  itself. 

In  cutting  the  continent  in  two,  American  engineers  are  assuming 
an  immense  responsibility  toward  future  generations.  In  under- 
taking that  task,  they  are  capable  of  being,  and  ought  to  be,  up  to  its 
magnitude. 

When,  as  Mr.  Grunsky  says,  future  generations  inquire  why  Ameri- 
can engineers  selected  the  only  spot  between  two  oceans  where  a  sea- 
level  waterway  could  have  been  built  and  economically  operated,  to 
build  an  inferior  waterway,  historians  will  indeed  be  at  a  loss  for  a 
satisfactory  answer,  particularly  when  they  find  in  the  Transactions 
of  this  Society  the  opinion  expressed  that  "Locks  are  not  added  to 
canals  to  improve  them."  Mr.  Grunsky  deserves  our  thanks  for  having 
coined  that  lashing  sentence. 

When  .the  writer,  in  March,  1909,  as  a  member  of  the  Committee 
of  the  New  York  Chamber  of  Commerce,  began  an  investigation  of  the 
Canal  problems,  he  was  confronted  with  the  following  facts  and  dis- 
turbing features  of  the  Lock  Canal  project: 

7. — That  the  Lock  Canal  is  too  narrow,  and  narrower  than  the  Sea- 
Level  Canal.  For,  inasmuch  as  a  waterway  is  not  wider  than  its 
narrowest  part,  the  Lock  Canal  will  be  only  110  ft.  wide.  As  the  locks 
are  to  be  operated  as  a  double-track  system,  their  added  lengths  give 
a  total  distance  of  more  than  3|  miles  of  canal  only  110  ft.  wide, 
between   huge,   solid,   vertical   concrete   walls  which   cannot   be  moved 
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without  being  first  destroyed,  thus  immutably  limiting  the  canal  to     Mr. 

that  110-ft.  width.*  Sorzano. 

//. — That  the  width  of  the  Sea-Level  Canal  would  be,  absolutely, 
in  no  place  less  than  150  ft.  in  its  narrowest  part,  and  could  be  en- 
larged at  any  time,  without  inconvenience  to  navigation,  without 
destruction,  and  without  limit. 

///. — That  the  annual  expenses  of  operating  and  maintaining 
the  Lock  Canal  will  exceed  those  of  the  Sea-Level  Canal  by  about 
$6  000  000,  due  to  the  extra  cost  of  operating  and  maintaining,  in 
the  tropics,  the  twelve  locks,  their  appurtenances,  and  the  accessories 
inherent  to  the  Lock  Canal  system;  and  also  due  to  the  enormous 
annual  sinking  fund  necessary  to  renew  and  replace  every  few  years 
the  colossal  amount  of  metal  work,  machinery,  and  expensive  appli- 
ances used  only  in  the  Lock  Canal,  and  for  which  there  would  be  no 
counterpart  in  the  Sea-Level  waterway.  This  extra  cost  of  operating 
the  Lock  Canal  will  be  a  perpetual,  extra  annual  charge. 

IV. — That  the  possibility  of  an  insufficiency  of  water  during  the 
"dry  season  of  dry  years"  had  not  been  accurately  investigated,  in 
view  of  the  requiremxcnts  of  the  future.  Inasmuch  as  the  catchment 
basin  now  available  and  accurately  measured  is  the  maximum  possible, 
being  the  extreme  limit  of  its  crest's  maximum  periphery,  there  is  no 
possibility  of  future  enlargement  of  that  basin.  Its  minimum  run-off 
is,  and  will  be  for  all  time  to  come,  the  limit  of  the  water  supply  for 
all  the  uses  of  the  Lock   Canal. 

V. — That  the  foregoing  features,   after  being  established  by  con- 
struction and  by  natural  existing  conditions,  will,  by  the  immutability  * 
of  their  limitations,  have  an  element  of  perpetuity  which  will  make 
the   Lock    Canal   forever    inadequate   for   the   probable   needs    of   the 
future. 

It  was  to  ascertain  this  feature  that  the  paper  was  written,  in- 
viting criticisms  from  which  it  was  hoped  to  gather  authoritative  data 
by  which  to  settle  the  question.  It  should  be  stated  here  that  the  paper 
was  not  to  prove  insufficiency  of  water  in  Lake  Gatun  during  "the 
average  years  of  plenty,"  nor  during  years  of  flood,  but  to  ascertain 
the  possibility  of  lack  of  water  in  the  "dry  months  of  dry  years,"  such 
as  recur  on  the  Isthmus  at  frequent  intervals. 

*When  using  the  locks,  large  vessels  must  be  fastened  to  the  walls  on  each  side  by  at 
least  four  mooring  lines.  Allowing  B  ft.  of  play  on  each  side  as  space  for  a  man  to  reach 
the  mooring  dogs  and  handle  the  lines  between  a  30  000- ton  battleship  and  the  vertical  walls 
of  the  locks— a  minimum  considering  the  very  high  lifts  and  the  speed  involved— the 
CRnal  will  not  offer  safe  passage  to  any  vessel  of  more  than  104  ft.  beam,  and  this  with  the 
supposition  that  such  enormous  craft  can  be  kept  perfectly  in  the  center  of  the  lock,  while 
going  up  and  down  30  ft.,  with  a  tumultuous  inrush  of  3  500  000  cu.  ft.  of  water  under  her 
keel,  at  the  rate  of  1  600  000  en.  ft.  per  min. 

Any  irregularity  in  paying  out  the  lines,  or  the  parting  of  any  one  of  them,  may  cause 
a  serious  accident.  To  prevent  this,  a  wider  play  is  indispensable,  say  6  ft.  or  a  net  usable 
width  of  98  ft. 

A  carrier  with  100  ft.  beam  is  under  study  in  Europe;  the  United  States  is  constructing 
a  battleship  with  95  ft.  beam,  and  the  excavations  for  the  locks  are  not  even  finished.  The 
sea-level  canal  at  Suez,  opened  40  years  ago,  was  passed  freely  by  the  floating  dock  Dewey, 
havmg  a  beam  of  more  than  120  ft.     Are  we  building  a  flrst-class  canal? 
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Mr.  This  paper  was  to   ascertain — on  the  safe  side — whether  in   such 

orzano.  "jj.y  months  of  dry  years"  the  water  remaining  in  Lake  Gatun  would 
be  sufficient  to  maintain  in  it  the  depth  required  for  safe  and  con- 
venient navigation  of  the  canal  at  all  times.  The  critics  have  not  con- 
sidered the  problem  from  this,  its  only,  point  of  view. 

Alhajuela  and  Gamboa  Dams. 

The  Alhajuela  Dam  was  only  mentioned  as  one  of  the  expedients 
to  which  the  nation  might  resort  to  reduce  the  great  cost  of  pumping 
and  re-pumping  the  brackish  waters  back  into  the  lake  after  having 
used  them  in  the  locks. 

The  Gamboa  Dam  would  have  regulated  the  Chagres  River,  not  at 
an  expense,  but  at  a  large  annual  profit;  not  only  during  the  construc- 
tion of  the  canal,  but  for  all  time  to  come. 

Large  hydro-electric  plants  are  now  being  built  all  over  the  world, 
at  great  cost,  in  order  to  utilize  water-power  and  distribute  its  energy 
with  profit.  This  nation,  on  the  contrary,  is  now  spending  millions 
to  create  a  lake  in  which  more  than  150  000  h.p.,  and  other  even  larger 
and  more  valuable  assets,  will  be  forever  annihilated. 

Methods  of  Calculation. 

The  method  of  calculating  the  water  supply,  suggested  by  Mr. 
Grunsky,  is  about  the  same  as  that  used  hitherto  by  the  Lock  Canal 
engineers.  There  is  no  objection  to  it,  provided  the  units  assumed  are 
accurate,  complete,  or  on  the  safe  side,  and  in  accordance  with-  the 
•  conditions  on  record.  This  method,  however,  does  not  permit*  of 
obtaining  readily  the  different  solutions  according  to  the  ever-changing 
conditions  due  to  the  variations  of  time,  level  of  water,  rainfall,  run- 
off, etc.,  etc. 

By  it,  one  may  ascertain  what  would  remain,  in  a  given  case, 
after  having  combined  (or  eliminated)  known,  doubtful,  and  unkncvvn 
elements,  and,  if  there  is  water  enough,  allow  for  them;  but  it  does 
not  give  the  intermediate  solutions,  in  regard  to  depth  of  water  in  the 
lake  at  any  time. 

The  writer's  method,  on  the  contrary,  divides  the  problem  into  four 
main  parts,  in  columns,  with  fourteen  elements  in  each.  This  gives 
at  least  fifty-six  possible  results,  according  to  the  units  chosen.  With 
this  arrangement,  if  any  item  should  seem  to  the  reader  to  be  too 
large,  or  inaccurate,  he  can  change  it  to  suit  his  judgment  or  his  own 
data;  the  result  will  be  affected  only  to  the  extent  of  that  alteration, 
and  will  show  clearly  its  importance  as  a  factor  in  the  total. 

For  example:  It  is  well  known  that  evaporation  during  the  dry 
season  will  vary  from  month  to  month,  with  the  "peak"  at  some  shift- 
ing point  in  the  middle  of  the  season;  it  is  also  obvious  that  the  level 
of  the  lake,   and  with   it,   its  net  area  and  other  elements,   will   also 
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vary   as   the   season   advances.      These   changes   can   be   followed   and     Mr. 
studied,  with  the  writer's  method  of  correlative  elements,  and  the  depth   ^'^^^'^^• 
of  water  at  various  periods  can  be  calculated. 

/  Whatever  system  may  be  preferred,  it  is  necessary  that  the  original 
data  should  be  as  accurate  as  possible,  or,  at  least,  be  on  the  safe  side — 
so  as  to  avoid  misleading  errors. 

In  this  respect,  the  figures  assumed  by  Mr.  Grunsky  might  be 
seriously  criticized.    He  takes: 

The  lower  water  flow  above  Gatun  during  four 

dr^^  months,  to  average  about 1  200  cu.  ft.  per  sec. 

And  the   rain  on  the  lake  during  the  same 

months 100"      "       "      " 

Total 1  300  cu.  ft.  per  sec. 

This  is  entirely  too  much,  when  correcting  figures  of  a  "dry  season 
in  dry  years"  for  a  locality  where  dry  years  have  shown  run-dffs  of 
only  800  and  900  cu.  ft.  per  sec,  and  where  the  net  available  amount 
will  be  considerably  less,  as  will  be  demonstrated  later,  under  separate 
headings. 

Mr.  Grunsky  inadvertently  overlooked,  also,  the  fact  that  the 
1  200  cu.  ft.  per  sec.  of  dry  years  like  1908  and  1903,  already  include 
the  rain  on  the  lake  (or  which  would  fall  on  it  if  it  were  there)  ;  in  fact, 
that  amount  covers  all  that  can  possibly  be  received  above  Gatun. 

There  is  another  element  which  Mr.  Grunsky  has  not  considered 
in  his  calculations,  and  that  is  the  reduced  run-off  occasioned  by  the 
reduced  seepage  basin,  caused  by  filling  the  lake. 

Under  a  separate  heading,  the  writer  has  discussed  this  important 
matter  in  full.  In  that  analysis  it  is  shown  that  the  reduction  of  the 
dry  months'  replenishing  supply  for  Lake  Gatun  will  amount  to  from 
100  to  150  cu.  ft.  per  sec,  or  about  12  J  %  of  the  amount  that  would  be 
available  if  there  were  no  lake. 

It  is  easy  to  conceive  that  if  Lake  Gatun  could  be  filled  up  to  the 
edge,  or  periphery  of  its  maximum  catchment  basin,  1  320  sq.  miles, 
and  kept  full  at  that  extreme  level,  there  would  be  no  dry-season  run- 
off, and  in  consequence  no  dry-season  inflow  into  the  lake  after  the  last 
rains  had  fallen.  This  would  be  a  100%  reduction.  Lake  Gatun  at 
the  85-ft.  level  covers  165  sq.  miles,  or  12^%  of  the  seepage  basin.  The 
reduction  ought  to  be  in  the  same  proportion  if  other  conditions 
remained  the  same.  But  those  165  sq,  miles  are  in  the  lower  part  of 
the  basin  where  the  alluvial  soils  are  thicker  and  more  water-bearing 
than  in  the  higher  grounds,  and  where  rainfall  is  also  more  abundant. 
Hence  there  is  a  larger  flow. 

This  loss  of  inflow  by  "water  occupation"  or  by  reduced  useful 
storage,  as  well  as  the  gains  by  diminished  swamp  evaporation,  etc, 
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Mr.  have  been  carefully  considered  by  the  writer;  but  as  the  balance  sheet 
Sorzanr  j^g^^ggjj  losses  and  gains  would  have  favored  his  figures  so  much,  he 
did  not  complicate  his  tables  with  them.  A  simple  consideration  of 
the  increased  evaporation  on  the  75  or  80  sq.  miles  of  forest  that  will 
remain  standing  in  Lake  Gatun,  compared  with  the  10  or  20  sq.  miles 
of  swamps  in  the  lower  grounds,  even  after  making  allowance  for  the 
possibility  that  permanent  swamps  in  the  sun  might  in  some  cases 
evaporate  more  than  dense  shady  forests,  will  show  that  the  net  figures 
would  have  been  so  much  on  the  writer's  side  as  to  invite  criticism. 
It  was  also  to  avoid  controversy  on  side  issues  that  the  writer  assumed 
in  his  tables  such  high  dry-weather  run-off.  But  now,  when  his  extra 
generous  figures  are  being  disputed,  it  is  just  that  criticisms  should  be 
based  on  actual  data  according  to  the  records,  and  corrected  in  con- 
formity with  the  conditions  which  will  exist  when  the  lake  is  filled. 

If  Mr.  Grunsky's  figures  were  readjusted,  as  above,  his  available 
water,  in  a  dry  year  like  1908,  would  be: 

Cubic  feet  per  second. 
All  low-water  inflow  in  lake,  4  dry  months,  in  a 

year  like  1908 800 

Reduction,  for  reduced  area 100 

YOO 

Water  from  lake  storage  (his  figures) 2  210 

2  910 

To  supply  evaporation  (his  figures) 1 140 

To  supply  leakage  at  structures  (his  figures) . .  .    250 
To  supply  power,  and  other  uses  (his  figures) .  .    200 

For  miscellaneous,   accidents,  and  wastes 0 

For  repairs,  of  gates,  valves,  machinery,  etc.  ...        0 

For  lake  forests,  extra  evaporation 0 

For  consumption  of  population,  agriculture,  in- 
dustry, etc.,  in  the  whole  1  320  sq.  miles  of 

basin  and  lake 0 

For   losses    on    two    spillways,    on    intermediate 

canal  and  on  Lake  Miraflores 0 

1590 

Remaining  for  lockage 1  320 

By  the  method  of  estimating  used  by  the  Board  of  Consulting 
Engineers  and  by  General  Abbot,  full  lockages  should  require  80  cu.  ft. 
per  sec,  and,  according  to  Mr.  Grunsky's  figures,  the  1 320  cu.  ft. 
per  sec.  will  then  permit  only  ^^  =  16^  lockages  per  day.  This  is 
on  the  extreme  assumption  of  no  losses  from  percolation,  border 
evaporation,  or  any  of  the  other  items  for  which  no  allowances  are 
made  in  that  tabulation. 
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The  paper  was  intended  to  demonstrate  that,  with  the  rate  at  which  Mr. 
it  is  claimed  the  Lock  Canal  could  be  operated,  namely,  "40  lockages 
up  and  40  lockages  down,"  the  water  supply  will  not  be  sufficient  to 
maintain  the  draft  necessary  to  pass  that  number  of  vessels,  if,  accord- 
ing to  the  plans  now  under  execution,  reliance  for  that  service  is  placed 
only  on  Lake  Gatun  and  on  the  1  320  sq.  miles  of  its  immutable  catch- 
ment basin,  during  the  dry  months  of  dry  years. 

The  writer  is  much  gratified  with  the  fact  that  Mr.  Grunsky, 
though  disagreeing  with  him  on  some  of  the  minor  figures,  not  only 
does  not  controvert  the  main  point  at  issue,  but  conclusively  proves 
the  writer's  contention,  as  shown  above. 

Full  LocJcages. — In  his  calculations,  the  writer  used  full  lockages, 
for  the  reasons  stated  in  the  paper.  There  is  no  existing  authority  to 
decide  now  the  actual  dimensions  and  number  of  vessels  which  may 
demand  passage  through  the  locks  per  day  in  the  future. 

The  Canal  is  to  serve  forever.  It  is  not  being  built  with  a  guaranty 
that  it  will  generally  be  idle,  or  that  all  the  vessels  will  be  small,  or 
that  80%  of  them  will  be  of  some  given  dimension  just  small  enough 
to  suit  the  available  supply  of  water. 

Under  the  circumstances,  perhaps  it  is  not  too  sanguine  for  one 
who  has  seen  the  wonderful  developments  of  the  immediate  past  to 
believe  that  in  time  it  will  be  necessary  to  use  the  locks  at  full  lockages. 
This  is  the  condition  the  writer  ventured  to  assume.  Who  can  prove 
that  it  is  impossible  or  even  improbable? 

Humidity. 

Perhaps  no  one  knows  better  than  Mr.  Grunsky  that  humidity  data, 
as  generally  given,  are  incomplete  and  misleading,  unless  accom- 
panied by  the  corresponding  temperature  data,  not  averaged,  but  taken 
simultaneously. 

At  first  thought,  it  would  seem — and  it  is  generally  believed — that 
a  comparatively  dry  air,  say  for  example  at  70°  Fahr.,  with  70% 
humidity,  would  be  much  more  "thirsty" — or  a  better  drier — than  air 
at  80%  or  90%  humidity;  and  so  it  is;  but  only  relatively,  and  not 
absolutely  by  quantity,  when  the  temperatures  are  considered.  To 
illustrate : 

1  000  cu.  ft.  of  air,  at  70°  Fahr.  and  70%  humidity, 

will   hold 13  oz.  of  water. 

1  000  cu.  ft.  of  air,  at  70°  Fahr.  and  90%  humidity, 

will   hold 17    "    "      " 

But: 

1  000  cu.  ft.  of  air,  at  90°  Fahr.  and  90%  humidity, 

will    hold 30i  "     "       " 

And  at  saturation,  at  90°  Fahr.,  it  will  hold 45^" 


a         (( 
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Mr.  These  figures  show  that,  in  the  Canal  Zone,  say  at  7  a.  m.,  1  000 

Sorza:.o.  ^^^_  ^^_  ^£  ^^^  ^^  ^^o  j.^^^.^  ^^^^  9Qc/^  humidity  (which  would  be  con- 
sidered very  humid)  can  hold  17  oz.  of  water;  but  as  soon  as  it  receives 
the  rays  of  the  sun  its  temperature  begins  to  rise.  If  it  is  raised  to 
90°  Fahr.,  that  air  can  hold  30 J  oz.  of  water;  and  to  reach  the  point 
at  which  evaporation  would  cease,  it  must  absorb  454  oz.  of  water. 
Now,  as  it  happens  that  the  more  moisture  there  is  in  the  air  the 
lighter  it  becomes,  this  90%  humid  air  will  be  lighter,  and  rise  rapidly 
in  the  atmosphere,  and  will  be  replaced  by  another  volume  of  cooler 
air,  and  so  on,  as  long  as  those  conditions  exist. 

That  is  why  prevailing  fogs  in  the  tropics,  if  intense  between  4  and 
7  A.  M.,  lift  so  rapidly  with  sunrise,  and  disappear  at  about  8  A.  M. 
during  the  dry  season. 

Even  when  there  is  no  wind,  this  difference  between  the  densities 
of  these  columns  of  air  is  sufficient  to  maintain  the  vertical  currents, 
so  important  for  evaporation;  and  yet  they  are  never  measured,  esti- 
mated, or  even  mentioned  by  writers  on  the  climate  of  the  Canal  Zone. 

In  many  elaborate  experiments  now  going  on,  in  the  United  States, 
to  ascertain  evaporation,  the  degrees  of  humidity  are  measured  in  open 
pans  placed  at  different  heights,  and  tables  are  given  showing  the 
different  strata  of  air,  of  variable  humidity,  beginning  perhaps  at  99% 
on  the  surface  of  a  lake  and  decreasing  as  the  elevation  of  the  tanks  is 
increased. 

Such  tables  show  the  atmosphere  as  if  it  were  composed  of  so  many 
horizontal,  superposed  strata  of  air  at  different  degrees  of  humidity, 
resting  on  each  other,  in  equilibrium,  and  at  rest,  like  so  many  volumes 
in  a  pile  of  books.  And  calculations  are  then  made,  on  the  figures 
given  by  the  imaginary  film  of  air  just  in  contact  with  the  water,  at 
perhaps  99.99%  humidity,  and  thus  evaporation  data  are  obtained. 

In  Nature  such  conditions  do  not  exist,  and  cannot  exist  in  the 
open  air.  Only  in  a  closed  bottle  kept  at  an  even  temperature  could 
such  equilibrium  be  artificially  maintained. 

As  long  as  the  great  canopy  of  the  atmosphere  remains  open  on 
top,  under  the  sun's  rays,  the  vertical  air  currents,  due  to  these  differ- 
ences of  temperature  and  density,  will  exist,  either  in  the  open  or 
under  the  forests;  and  unless  the  intensity  of  these  vertical  currents 
(or  the  speed  with  which  the  air  strata  replace  each  other)  is  measured, 
such  experiments  are  valueless. 

These  vertical  air  currents  are  not  as  easily  measurable  on  a  lake 
as  in  a  chimney;  but  they  exist,  and  when  helped  by  the  strong  rays 
of  the  sun  (so  searching  in  the  tropics),  by  the  wind,  by  the  constant 
fluctuations  of  the  water's  surface,  and  by  the  extra  heat  stored  in 
semi-stagnant  waters,  the  combined  effect  of  these  elements  is  con- 
siderable, as  will  soon  be  found  out  by  those  who  attempt  to  store 
water  in  a  reservoir  with  a  wide  surface,  and  rely  on  the  humidity  of 
the  air  to  keep  it  in. 
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It  is  also  generally  thought  that  great  areas  of  water  will  necessarily     Mr. 
create  high  permanent  humidity.     The  preceding  remarks  in  reference 
to  vertical  currents  disprove  that  common  error.     If  it  were  not  so,  the 
humidity  in  the  middle  of  the  great  oceans,  1  000  miles  from  shore, 
would  be  at  its  maximum,  which  is  not  so. 

There  will  certainly  be  more  humidity  in  the  air  above  a  lake  than 
above  dry  land  or  above  an  arid  desert;  but  this  only  proves  how  active 
evaporation  always  is. 

As  far  as  the  Canal  Zone  is  concerned,  the  writer  believes  that  the 
mean  relative  humidity — during  the  dry  months  of  a  dry  year — will  be 
somewhat  less  than  the  84%  named  by  the  critics,  on  account  of  the 
topography  of  the  region,  the  irregularity  of  the  hills,  and  the  constant 
breezes. 

On  the  Isthmus,  during  1908,  the  figures  were:* 

Pacific  Slope,  year  1908,  dry-season  average T7% 

Bas  Obispo  (Chagres),  dry-season  average 84% 

Atlantic  Slope,  Cristobal,  seashore,  average 80% 

Average,  in  the  shade 80.33% 

The  mean  temperatures,  in  the  sun,  during  the  dry  season,  were: 

In  January,     1908   not  given. 

"    February,  1908,  maximum 125°  Fahr. 

"    March,       1908,  "         124°      " 

"    April,         1908,  "         125°      " 

With  80.33%  sunshine. 

The  wind  averaged  from  27 132  to  45 175  miles,  with  frequent 
velocities  of  37  and  40  miles  per  hour. 

With  such  extremely  favorable  evaporating  elements — wind  and 
high  temperature — humidity  does  not  deter  evaporation;  it  is  caused 
by  it. 

Fogs. — In  analyzing  the  criticisms  in  connection  with  the  meteoro- 
logical problems,  the  writer  is  much  surprised  to  find  that  none  of  his 
critics  has  given  any  thought  to  the  question  of  fogs;  and  yet  it  is  one 
of  the  most  serious  problems  for  the  Lock  Canal,  not  only  because  it 
will  diminish  evaporation,  but  on  account  of  the  dangers  of  navigating 
some  parts  of  Lake  Gatun  during  dense  fogs. 

In  that  waterway,  particularly  between  Buena  Vista  and  Gamboa, 
in  the  submerged  channels  lying  near  islands  and  promontories,  in 
short  navigating  legs,  the  angular,  polygonal  route  is  to  be  marked  by 
"range  lights,  beacon  lights,  and  buoys." 

To  negotiate  such  a  polygonal  route  at  night,  in  normal  weather, 
demands  well-trained  pilots,  familiar  with  the  lights  and  the  route,  and 
well  acquainted  with  the  steering  qualities  of  each  craft.  In  the 
Culebra  Cut,  where  the  Canal  will  be  of  uniform  and  narro.w  width, 

*Report,  Isthmian  Canal  Commission,  1909,  p.  19L 
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Mr.  and  where  the  berms  can  be  well  lighted — ^like  a  street — with  shores 
Sorza  Lo.  ^-g-^^jg^  ^^^^  ^^  ^j^^  ^^^^  intense  fog,  the  sides  can  be  easily  followed 
by  any  sea  captain  knowing  his  own  vessel,  even  if  he  cannot  sight 
the  beacons  and  range  fires;  but  in  the  rest  of  the  Lock  Canal,  on 
Lake  Gatun  (where  the  wider  channels  are  to  be  marked  by  distant 
range  lights),  in  case  of  dense  fogs  such  beacons  cannot  be  seen  nor 
easily  recognized.  The  channels  being  submerged,  the  legs  short,  the 
fires  complicated — on  account  of  the  many  zigzag  angles — any  small 
error  as  to  distance  and  bearing  will  land  the  vessel  on  the  shoals  or 
against  one  of  the  rockfe  ahead,  unless  going  at  extremely  slow  speed. 
When  finding  their  way  by  range  lights,  the  tendency  of  pilots  is  to 
strike  for  the  center  lines;  this  brings  all  vessels  in  the  middle  of  the 
channels,  increasing  the  risks  of  head-on  collisions. 

The  inconvenience  and  danger  to  navigation  due  to  these  conditions 
are  so  evident  that  the  question  would  seem  to  need  no  amplification; 
and  yet,  when  discussing  it,  the  only  answer  received  by  the  writer  is: 
"Who  has  heard  of  dense  fogs  in  the  tropics  ?" 

Generally,  when  Army  engineers,  doing  Government  work  in  the 
tropics,  leave  their  quarters  in  the  morning,  the  early  rays  of  the  sun 
have  already  been  actively  at  work  on  the  vertical  air  currents;  the 
intensity  of  the  fogs  has  disappeared.  The  pleasant  mist  is  not  notice- 
able then.  That  is  probably  why  the  Lock  Canal  engineers  do  not 
believe  in  fogs. 

When  an  engineer  is  at  the  head  of  a  sugar  plantation  where, 
during  the  dry  season,  work  goes  on  day  and  night,  he  is  soon  brought 
to  recognize  the  importance  of  fogs  and  their  possible  intensity. 

Having  traveled  many  miles  on  horseback  at  night  in  the  tropics, 
the  writer  ventures  to  say  that,  even  during  the  dry  seasons,  there 
will  be  many  hours  of  fog  that  will  inconvenience  and  endanger  naviga- 
tion in  that  part  of  the  Canal  near  Buena  Vista,  Gamboa,  etc. 

Though  not  as  dense  as  during  the  wet  season,  such  fogs  will  never- 
theless retard  evaporation  in  proportion  to  their  intensity  and  dura- 
tion. In  the  paper  a  reduction  of  11%  was  allowed  for  the  effect  of 
probable  fogs  on  evaporation. 

Land  and  Foliage  Condensation. — Those  who  have  read  all  that 
has  been  published  on  the  Panama  Canal  up  to  the  present  time  will 
not  dispute  the  fact  that  these  phenomena  have  never  been  mentioned 
before  in  connection  with  its  meteorological  problems. 

Land  Condensation. — When  a  soil  is  well  "mulched"  by  plowing, 
scarification,  etc.,  or  is  naturally  "open"  by  porosity,  evaporation  cracks, 
fissures,  etc.,  air  has  a  facile  access  to  its  interstices  and  pores.  During 
the  day  and  the  early  part  of  the  night  the  ground  is  hot,  and  con- 
tinues warm  for  some  hours  after  sunset.  As  long  as  its  temperature 
is  above  that  of  the  air,  no  condensation  can  take  place.     During  the 
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rest  of  the  night  the  soil  gradually  loses  part  of  its  stored  heat,  by  Mr. 
radiation,  evaporation,  etc.  If  its  temperature  should  get  below  the  '''■^^°- 
temperature  of  the  atmosphere,  the  moisture  in  the  air  condenses  and 
is  absorbed  by  the  soil.  This  land  condensation  penetrates  the  ground, 
more  or  less,  depending  on  its  physical  conditions,  its  porosity,  cracks, 
mulching,  temperature,  etc.  Under  favorable  conditions,  the  moisture 
thus  gained  is  considerable. 

In  this  discussion  this  phenomenon  is  interesting,  as  it  will  reduce 
to  a  certain  extent  the  losses  by  border  evaporation  and  fly-off,  but 
without,  however,  counteracting  completely  their  effect,  because  it  acts 
only  during  a  few  hours  of  the  night,  or  rather  early  morning,  the  earth 
having  had  insufficient  time  to  cool  before  the  sun  gets  above  the 
horizon   again. 

The  beneficial  effect  of  "land  condensation"  will  not  be  felt  on 
Lake  Gatun,  because  the  temperature  of  its  waters  will  be  at  all  times, 
day  and  night,  greater  than  that  of  the  air.  Evaporation  from  its 
surface  will  never  cease,  even  during  the  heaviest  showers. 

Foliage  Condensation. — What  happens  between  the  air  and  the  soil, 
takes  place  also,  at  night,  between  the  air  and  the  foliage  of  forests. 
Those  who  have  attempted,  in  the  tropics,  to  shake  down  from  a  tree 
some  luscious  fruit,  in  the  morning,  will  recognize  what  the  writer 
calls  "foliage  condensation" ;  perhaps  "foliage  shower  bath"  would  be 
a  better  expression. 

It  was  after  having  carefully  considered  these  phenomena,  that  the 
writer  figured  only  on  33  cu.  ft.  per  sec.  for  border  evaporation  instead 
of  the  150  or  200  cu.  ft.  per  sec.  which  may  be  calculated,  or  the  100 
cu.  ft.  per  sec.  which  will  probably  take  place. 

If  the  calculations  show  such  large  border  losses,  it  is  because  the 
border  of  the  lake  is  so  extensive — about  20  sq.  miles. 

If  the  bed  of  Lake  Gatun  was  a  regular  basin,  its  border  line  would 
measure  about  46  miles,  but  when  full  it  will  have  a  contour  of  more 
than  827  miles.  As  border  evaporation  is  proportionate  to  the  miles  of 
beach,  the  large  quantity  obtained  will  be  admitted. 

It  is  interesting  to  note  that  Colonel  Hodges  has  not  thought  of 
"land  and  foliage  condensation"  when  trying  to  save  water,  and  yet 
their  effect  is  considerably  more  important  than  other  items  on  which 
he  has  laid  so  much  stress  in  his  criticisms. 

As  for  the  evaporation  data  suggested  by  Mr.  Grunsky,  the  writer 
does  not  approve  of  using  for  the  Isthmus  figures  obtained  in  Massa- 
chusetts, or  in  any  clim.ate  outside  of  the  tropical  zone. 

The  coefficients  of  evaporation  named  by  the  writer  are  based  on 
the  data  published  in  the  official  records  of  the  Isthmian  Canal  Com- 
mission for  1907-08,  with  the  necessary  corrections  for  sunshine  tem- 
perature and  for  active  lake  surface,  as  explained  in  detail  later. 
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Mr.  No  doubt  it  will  amaze  the  reader  to  learn  that  the  evaporative  data 

Sorzano-  ^^^  ^^le  Canal  Zone  are  obtained  there  now  "in  small  tanks,  10  in.  in 
diameter,  protected  from  the  direct  rays  of  the  sun."  That  is,  not 
only  by  the  crudest  evaporimeter  known — the  small  pan — ^but  in  the 
shade,  probably  at  the  comfortable  temperature  of  79°  or  80°  Fahr., 
and  water  from  the  faucet  at  perhaps  78°  Fahr. 

To  form  an  idea  of  the  inaccuracy  of  such  an  imperfect  method, 
let  it  be  remembered  that  the  difference  between  shade  and  sunshine 
temperature  in  the  tropics  may  vary  from  30°  to  40°  Fahr.;  that  the 
semi-stagnant  waters  of  Lake  Gatun  during  the  dry  season,  and  con- 
servatively quoted  by  the  writer  at  about  90°,  may  really  reach  114° 
Fahr.  and  more  in  the  sun;  that  the  combination  of  those  aggravating 
elements  may  show  a  possible  actual  evaporation  of  more  than  0.60  in. 
per  day  on  a  lake  exposed  to  the  sun,  in  a  tropical  climate,  with  days 
averaging  more  than  80%  of  actual  sunshine,  and  with  an  almost 
continual  breeze. 

It  must  be  remembered,  also,  that  the  actual  evaporation  on  the 
lake  is  not  equal  to  the  evaporative  data,  or  coefficient,  but  to  the 
product  of  that  coefficient  by  the  active  evaporative  surface  of  the  lake, 
which,  as  shown  later,  may  be  10  or  12%  more  than  the  flat  area  of 
the  lake  as  measured  with  a  planimeter. 

The  writer  will  only  say  here  that  the  percolation  risk  entered  in 
his  tables  is  not  the  seepage  of  water  through  the  body  of  rocks,  but  the 
loss  through  fissures,  seams,  faults,  crevices,  etc.,  which  may  possibly 
exist  in  that  vast  lake  basin  under  the  still  unexplored  alluvial  soil 
covering  the  greater  part  of  that  region,  and  now  under  luxuriant 
tropical  vegetation. 

If  the  amount,  measured  in  cubic  feet  per  second,  is  so  large,  it  is 
because  the  outfiltering  bed  of  the  lake  is  so  vast — more  than  200  sq. 
miles. 

The  seepage  tables,  reproduced  from  the  Report  of  the  Isthmian 
Canal  Commission,  were  given  to  emphasize  this  possibility  of  loss 
of  water,  for  those  who  have  not  had  the  time  to  follow  these  questions 
very  closely;  and  also  to  show  how  much  larger  are  seepage  losses  in 
well-known  cases,  couq^ared  with  the  small  coefficient  of  percolation 
suggested  by  the  writer  in  his  tables. 

Length  of   Dry   Seasons. 

Table  1  gives  the  rainfall  for  the  fiscal  year,  1907-08,  from  the 
official  documents  published  by  the  Isthmian  Canal  Commission.  These 
figures  were  taken  because  they  were  the  latest,  and  possibly  the 
most  accurate  at  hand.  That  table  shows  that  the  dry  season,  that 
year,  lasted  151  days;  but,  for  the  computations,  only  120  days  were 
considered.     There   is   nothing   in   Table    1   misleading   or    indicating 
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anything  else,  and  the  writer  is  at  a  loss  to  know  on  what  grounds      Mr. 
Colonel  Hodges  can  base  his  objection  to  it,  except  that  it  happens  ^^''^^°^- 
to  give  a  dry  year  of  record. 

The  writer  firmly  believes  that  when  figuring  on  scarcity  of  water, 
it  is  wise  to  study  the  driest  years,  and  the  longest  dry  seasons,  and 
not  the   averages   of   years   of   plenty. 

Those  who  have  had  years  of  experience  in  the  tropics,  or  have 
agricultural  interests  there,  know  very  well  that  120  days  for  a  "dry 
season  in  a  dry  year"  is  a  very  conservative  figure,  as  it  is  exceeded 
considerably  every  few  years,  and  at  too  short  intervals.  A  glance  at 
the  Isthmian  records  will  prove  it.  The  previous  long  dry  season 
was  in  1906,  for  the  Oanal  Record  says : 

"In  the  previous  dry  year  (1906)  the  dry  season  in  Mount  Hope 
Reservoir  in  the  Canal  Zone  continued  for  140  days."  The  preceding 
dry  year  was  1903,  the  driest  on  record,  up  to  last  year. 

Average  Discharge  in  Dry  Years. — Colonel  Hodges  says  the  writer 
has  overstated  Jiis  case  in  saying  that  "the  average  discharge  of  all 
the  streams  that  can  empty  *  *  *  will  rarely  exceed  1 100  cu.  ft. 
per  sec.  in  dry  years." 

When  Colonel  Hodges  quoted  that  general  descriptive  sentence 
he,  inadvertently,  did  not  notice  the  value  of  the  last  three  words: 
"in  dry  years." 

The  complete  sentence  was: 

"During  the  3  to  5  months  of  'dry  weather,'  the  rains  in  that 
locality  cease  almost  completely,  and  then  the  average  discharge  of  all 
the  streams  that  can  empty  into  the  proposed  high-level  lake  at  Gatun 
will  rarely  exceed  1 100  cu.  ft.  per  sec.  in  dry  years." 

That  the  writer  did  not  underestimate  the  dry  months'  run-oif 
in  dry  years,  will  be  admitted  when  it  is  known  that  the  total  dis- 
charge of  all  the  streams  above  Gatun  in  1908  did  not  reach  800  cu. 
ft.  per  sec. 

Colonel  Hodges  also  says:  "The  average  in  the  worst  known  dry 
season  for  19  years  is  1 190  cu.  ft.  per  sec."  This  is  evidently  leaving 
out  1907-08  when  the  discharge,  according  to  the  latest  report  (pub- 
lished in  June,  1909)  was  708  cu  ft.  per  sec.  for  the  3  dry  months. 
For,  the  official  Report  states:* 

"The  flow  during  the  dry  season  of  1908  was  lower  than  any  other 
of  record.  During  this  period  the  average  rate  of  discharge  at 
Bohio  for  the  three  dry  months  (February,  March,  and  April)  was 
about  one-half  the  normal  for  the  years  of  record,  the  average  rate 
of  discharge  for  February  of  681  cubic  feet  seconds,  and  for  March 
of  586  cubic  feet  seconds  being  the  lowest  ever  recorded.  Previous 
to  this  record  the  lowest  average  rate  of  discharge  for  those  months 
was  745  cubic  feet  seconds  in  1903." 

*Report,  Isthmian  Canal  Commission,  June,  1909,  p.  183. 
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Mr.  The  flow  at  Bohio  being  nine-tenths  of  the  total  flow  available  for 

.  j^^-^Q  Gatun  at  Gatim,  that  rate  will  give  for  these  months  a  dry- 
season  run-off  averaging  only  703  cu.  ft.  per  sec. 

It  is  important  to  note  here  that  the  foregoing  figures  include 
all  the  inflows  above  Gatun;  not  only  run-off  from  streams,  and  drain- 
age, but  all  the  direct  rainfall  on  the  lake,  while,  in  the  writer's 
tables,  this  precipitation  on  the  lake,  amounting  to  more  than  100 
cu.  ft.  per  sec,  is  also  credited  to  the  lake,  but  under  a  separate 
heading. 

The  writer,  to  avoid  discussion  on  the  minimum  run-off  figures, 
while  aware  of  those  very  low  records,  purposely  assumed  for  his 
calculations  a  large  run-off.  A  glance  at  the  tables  will  show  that 
he  allowed  for  the  1st  and  4th  months  of  the  dry  season  an  ac- 
cretion to  the  lake's  level  amounting  to  0.3466  in.  and  0.4810  in.  per  day 
for  run-off  only,  equivalent  to  1  271  and  1  300  cu.  ft.  per  sec,  respect- 
ively; and  still  more  for  the  3d  and  4th  months  in  Table  6.  If  to 
those  amounts  be  added  precipitation,  it  will  be  seen  that  the  writer 
in  his  calculations — for  the  dry  months  of  a  dry  year — figured  on  1  370 
to  1  400  cu.  ft.  per  sec,  considerably  more  than  the  amounts  hitherto 
assumed  by  General  Abbot  and  other  authorities  for  those  months  in 
dry  years. 

This  generous  allowance  was  to  cover  any  extra  drainage  run- 
off from  the  end  of  the  wet  season  overlapping  into  the  beginning  of 
the  dry  season,  to  anticipate  any  claim  of  some  possible  premature 
extra  large  freshets  at  the  end  of  the  dry  year,  and  particularly  to 
avoid  controversy. 

Instead  of  overstating,  the  writer  very  carefully  understated  his 
case. 

Bun-off  in  Average  Dry  Seasons. — When  studying  problems  of 
scarcity  of  water,  figures  of  "years  of  plenty"  and  of  "average  years" 
have  no  value  in  the  tropics.  When  Colonel  Hodges  has  had  20  or 
more  years'  experience  in  tropical  climates  he  will  have  more  respect 
for  the  inevitable,  ever-recurring  dry  years,  which  come  at  short 
intervals  to  exhaust  reservoirs,  reduce  crops,  destroy  vegetation,  and 
— evaporate  dividends. 

Evaporation  Data. 

The  coefficients  suggested  in  the  paper  have  been  so  misunderstood, 
and  the  matter  is  so  important,  that  a  complete  analysis  of  the  sub- 
ject may  not  be  amiss  here;  for  it  is  a  remarkable  fact  that,  after  6 
years  of  American  work  on  the  Isthmus,  the  critics,  in  controverting 
the  writer's  evaporation  figures,  have  no  other  data  to  offer  than 
those  obtained  in  the  United  States,  in  Nicaragua,  or  on  the  Isthmus, 
"in  the  shade,"  by  the  crudest  known  method. 
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This    will    perhaps    explain    the    divergence    of    opinions    on    the      Mr. 
,  .      ,  Sorzano. 

subject. 

Initial  Evaporation. — The  writer  believes  that  the  6.026  in.  of 
evaporation  per  month  (0.197  per  in.  per  day)  mentioned  by  Colonel 
Hodges,  is  insufficient  for  actual  loss  on  a  lake  in  the  tropics  dur- 
ing the  dry  season. 

That  amount  may  possibly  be  the  showing  of  evaporating  pans 
under  peculiar  conditions,  but  it  cannot  be  the  actual  dry  months' 
evaporation  on  the  ever-agitated  surface  of  a  warm-water  lake  ex- 
posed to  the  sun's  rays  in  the  tropics,  with  the  increased  active  evapo- 
rative surface  due  to  ripples  and  waves,  the  action  of  the  wind,  etc., 
and  with  large  forests  standing  in  it. 

The  low  evaporation  rate  given  by  Colonel  Hodges  is  perhaps  due 
to  the  amazing  fact  that  the  data  on  which  he  bases  his  opinion  are 
obtained  on  the  Isthmus  "from  insulated  tanks,  10  in.  in  diameter 
and  3  ft.  deep,  exposed  to  all  atmospheric  conditions  except  the  direct 
rays  of  the  sun." 

The  writer  has  measured,  in  the  tropics,  the  actual  evaporation 
from  large  masonry  tanks,  under  meteorological  conditions  almost 
identical  with  those  of  the  Canal  Zone.  The  actual  loss  in  the  open 
has  always  been  more  than  6.026  in.  per  month  for  the  dry  season 
of  dry  years.  It  is  true  that  his  experiments  were  not  conducted 
with  the  action  of  the  sun's  rays  left  out.  Inasmuch  as  Lake 
Gatun  will  be  in  the  open,  and  will  have  an  immense  area  exposed 
to  the  direct,  almost  vertical,  rays  of  the  sun  (9°  N.  latitude),  at 
85  ft.  elevation,  in  close  proximity  to  the  ocean,  and  subject  to  its 
constant  breezes,  the  writer  is  amazed  at  the  low  coefficient  of  evapo- 
ration advocated  by  Colonel  Hodges  and  others,  particularly  when  it 
is  considered  that  the  measurements  taken  at  Ancon  and  at  Cristobal — 
even  in  tanks  protected  from  the  rays  of  the  sun — have  actually  shown, 
according  to  official  data  published  in  the  Canal  Record,  the  rates 
given  in  Table  20. 

TABLE  20. — Daily  Evaporation  on  the  Isthmus,  in  the  Shade. 

February,  m  at  A„c«...,...,.,.... ... ,   6.|7  in.  |^,,,,^,_  ,  ^^^O  =  0.3600  in.  per  day. 

March,        1908,  "  Ancon G.997    "    I         u  7  own  _  n  oq^t    "         " 

1908,  "  Cristobal 7.557"     f  7.47W  -  O.Zd47 

^"r."-'    S: :;  ^Sbai-.:;::.::;;:::::  a  "  I    "     Ma.  =  o.3i«"    - 

Giving  a  mean  average  of 6.986  =  0.2330   " 

*In  April,  1898,-  the  evaporation  was  8.130  in.,  or  0.2710  in.  per  day. 

When  preparing  the  paper  the  writer  endeavored  to  use  only  official 
data  published  in  the  Canal  documents  for  the  year  under  analysis — 
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Mr.      the  fiscal  year,  1907-08 — and,  to  avoid  controversy,  he  took  the  figures 
in   Table  20  as  a  basis   for  his   calculations. 

The  averages  for  the  whole  year,  or  for  the  wet  season,  mentioned 
by  Colonel  Hodges,  obviously  have  no  place  here,  as  this  discussion 
relates  only  to  evaporation  during  the  dry  months.  The  rainfall  dur- 
ing the  wet  season  exceeds  the  loss  by  evaporation. 

Correction  of  Initial  Data. — The  0.2330  in.  per  day  measured  in 
the  10-in.  tanks  in  the  shade  may  be  considered  to  represent  the 
"still  water"  evaporation,  at  the  mean  temperature  of  that  locality, 
in  the  shade,  with  fresh  water  perhaps  at  78°  Fahr.  or  less. 

As  Lake  Gatun  will  be  in  the  open,  and  exposed  to  the  searching 
rays  of  the  tropical  sun,  the  evaporative  conditions  will  obviously 
be  at  higher  temperatures  than  in  the  experimental  tanks,  in  the  shade. 
The  calculations,  to  be  accurate,  must  be  based  on  "sunshine  data." 
As  tliese  have  not  been  measured  on  the  Isthmus,  and  in  consequence 
are  unobtainable,  one  is  compelled  to  compute  them  by  any  other 
data  available. 

The  result  will  depend  principally  on  two  important  features, 
which  have  never  been  considered  in  previous  studies  of  this  problem 
on  the  Isthmus,  namely: 

A. — The  net  unit  of  evaporation  per  square  foot  of  surface,  due 

to  temperature  of  the  air,  temperature  of  the  water,  velocity  of  the 

wind,  total  sunlight,  hj^grometric  degree,  barometric  pressure,  etc.,  etc. 

B. — The  active  evaporative  area  of  the  lake,  or  actual  surface  of 

contact  between  air  and  water,  and  on  which  evaporation  takes  place. 

A. — Unit  of  Evaporation. — 

This  rate  of  evaporation  depends  on  various  factors,  among  which 
the  more  important  are: 

I. — Effect  of  Temperature  of  Air. — The  maximum  temperatures  on 
the  Isthmus,  in  the  sun,  according  to  the  Canal  Record  for  1908,  were 
as  follows : 

January    not  given. 

February,  maximum   125°  Fahr. 

March  "  124°       " 

April  "  125°       " 

Averaging,  say   124°       " 

The  percentage  of  sunshine  (dry  season)  was  ....  84% 
Humidity,  same  year  (average  dry  season)  "  ....  78% 
Average  wind  movement,  same  year  (dry  season)  29  600 
Maximum  velocity  of  wind   40  miles  per  hour 

From  these  data  the  probable  mean  temperature  of  the  air  in 
the  sun  may  be  computed  approximately  as  follows: 

Assuming  3  hours  at 124°   (hottest     sun), 

"  4       "       "    120°   (medium  sun), 

3       "       "     96°       (usual   sun). 
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gives  for  the  10  hot  hours  a  mean  temperature  of  about  114°   Fahr.      Mr. 

This  may  seem  high,  but  the  following  counter  analysis  proves  that  ^°^^^'^^- 

it  is  about  right,  and  on  the  safe  side: 

Assuming     4  night  hours,  averaging   75° 

"  10     "  "  "  79° 

"  10  sunlight  hours,  as  above    114° 

gives  a  hot-weather  average  of  92.92°  Fahr. ;  and  a  night  temperature 
of  78°  Fahr.,  and  these  are  about  the  figures  for  that  locality  in  that 
season  of  a  dry  year.* 

This  114°  is  not  the  temperature  that  a  perspiring  man,  in  motion, 
will  feel;  but  the  heat  to  which  an  inanimate  object,  a  tliermometer, 
a  boulder,  or  Lake  Gatun,  will  be  subjected. 

Assuming  these  figures,  the  thermal  conditions  of  evaporation 
per   day  will  be: 

14  hours  averaging,  say,     78°  shade  and  night, 
10       "  "  "      114°  sunshine. 

Neglecting  the  shade  hours — by  assuming  them  to  be  of  about  the 
same  temperature  as  those  at  which  the  measurements  are  now  taken 
in  the  shade  on  the  Isthmus — gives  during  the  dry  season,  every 
day,  10  hours  of  "scorching"  sunshine,  averaging  114°  Fahr.,  or  a 
thermal  difference  of  36°  Fahr.  for  sunshine  hours  only. 

To  avoid  controversy  in  reference  to  these  calculated  figures, 
and  to  allow  for  the  few  rains  that  may  have  fallen  during  the  al- 
loted  sunshine  hours,  the  writer  assumed  a  thermal  difference  of 
only  30°,  instead  of  36°  (16.66%  reduction).  Now,  the  results  ob- 
tained by  Mr.  Samuel  Fortier,  the  very  able  meteorologist  of  the 
United  S+ates  Government,  show  that  an  increase  of  10°  Fahr.  will 
increase  evaporation  from  water  surfaces  at  the  rate  of  0.1428  in. 
per  day. 

Taking  those  figures,  instead  of  the  data  obtained  by  the  writer,  and 
considering  only  the  10  day-hours  instead  of  24  hours,  will  give  0.0595 
in.  per  10  hours  for  every  10°  difference  of  temperature,  or  0.0595  X 
3  =  0.1785  in.  to  be  added  per  day  to  the  original  evaporation  data 
as  now  measured  on  the  Isthmus  in  the  shade.  The  result  will  be: 

Original  Isthmian  figures,  in  the  shade 0.2330  in. 

Add  for  difference  due  to  sunshine 0.1785    " 

Sunshine,  flat  evaporation,   per   day *. ..   0.4115  in., 

all  other   conditions  having  remained   unchanged. 

//. — Effect  Due  to  Higher  Temperature  of  Water. — Lake  Gatun, 
during  the  dry  season,  will  gradually,  but  rapidly,  acquire  a  com- 
paratively high  surface  temperature,  due  to  the  following  cumula- 
tive conditions : 

*All  these  computations  would  be  unnecessary  if  accurate  data  were  taken  on  the 
Isthmus,  with  modern,  self-registering  instruments.  Such  instruments  are  on  the  market 
and  ought  to  be  used  on  the  Isthmus. 
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Mr.  a. — The  Large  Land  Area  of  the  Lahe  Bed. — This,  in  the  shallow 

Sorzano.  ^^^.^g^  ^'H  absorb  the  sun's  heat  during-  the  day  and  give  it  back  to 
the  water  during  the  day  and  night.  The  exceptionally  corrugated 
condition  of  that  bed,  the  extraordinary  number  of  ravines  and  the 
1 300  peninsulas,  add  immensely  to  its  actual  land  area,  not  only 
as  to  absorption  and  storage  of  heat,  but,  so  to  speak,  as  to  its 
vast  "heating  surface."  For  many  square  miles,  the  water  will  be — 
after  the  first  days  of  the  dry  season — almost  stagnant,  with  no  more 
circulation  than  will  be  produced  by  evaporation  on  its  borders,  or 
by  the  fly-off  from  the  trees.  Even  the  cooling  effect  of  the  shading 
trees  will  be  counteracted  by  the  higher  temperature  due  to  the  fer- 
mentation of  dead  leaves  and  detritus  from  such  trees.  Such  aggra- 
vating features  will  inevitably  contribute  to  a  gradual  increase  of 
temperature,  and  this  will  soon  bring  the  lake  to  the  sunshine  heat 
if  it  is  not  mitigated  by  an  excessive  surface  evaporation.  (Loss  of 
water  through  the  trees  by  fly-off,  does  not  cool  the  lake  surface.) 

h. — Large  Masses  of  Warm  Water. — Lake  Gatun  at  Elevation 
+80  will  hold  from  150  000  000  000  to  160  000  000  000  cu.  ft.  of  water, 
vvhich  will  be  at  about  90°  Fahr.  in  the  beginning  of  the  dry  season. 
Were  it  not  for  evaporation,  it  would  very  soon  reach  114°,  due  to  the 
new  heat  received  every  day  from  the  tropical  sun. 

During  the  dry  months  the  daily  volume  of  incoming  fresh  water 
is  so  small  compared  with  the  160  000  000  000  cu.  ft.  of  stored  warm 
water,  that  it  cannot  refresh  more  than  a  very  small  portion  of  the 
lake.  As  one-half  of  the  daily  consumption  of  the  locks  must  be 
delivered  at  opposite  ends  of  the  lake,  and  as  all  the  water  coming 
from  the  Upper  Chagres  will  run  directly  toward  the  Pedro  Miguel 
locks  at  Gamboa,  without  even  entering  the  lake  proper,  its  cooling 
effect  will  be  lost,  as  it  will  go  where  the  waterway  is  the  narrowest, 
and  the   evaporative   surface  the  smallest. 

c. — Vessels  in  the  Lahe. — With  40  lockages  up  and  40  lockages 
down,  claimed  as  the  capacity  of  the  Canal,  the  lake  will  have  at  all 
times  a  large  number  of  vessels  in  transit.  There  must  also  be  con- 
sidered the  effect  of  all  other  lake  craft,  the  large  steam  power-houses 
at  Gatun — in  operation  during  the  dry  season — and  any  and  all  in- 
dustrial steam  plants  that  may  locate  on  the  shores  of  that  lake, 
or  in  its  inland  harbor.  With  the  high  initial  temperature  of  the 
lake  water,  the  condensers  of  all  these  steam  centers  will  heat  and 
reheat  millions  of  cubic  feet  of  the  lake  water  to  130°,  150°  and 
even  higher  temperatures. 

The  combination  of  all  these  and  other  features  will  not  only 
gradually  heat  the  water,  but  contribute  to  keep  it  at  a  considerably 
higher  temperature  than  would  prevail  if  there  were  only  normal 
causes  in  operation;  it  will  be  higher  than  the  average  temperature 
of  the  air,  thus  preventing  night  condensation;  and,  of  course,  it  will 
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be  higher  than  the  temperature  of  the  always  fresh,  cool  water  in  the     Mr. 
evaporating  tanks  where  data  are  now  obtained  in  the  shade.  Sorzano. 

The  writer,  however,  will  not  use  here  any  of  these  possible  or 
probable  maximum  figures.  It  will  only  be  assumed  that,  due  to 
excessive  evaporation,  the  top  layer  of  water  on  the  lake  remains 
at  98°  Fahr.  Even  this  will  give  a  thermal  difference  of  20°  between 
the  lake  and  the  evaporating  tanks. 

According  to  Fortier's  very  interesting  experiments,  0.01  in.  of 
evaporation  per  day  may  be  added  for  every  degree  of  increase  in 
the  temperature  of  the  water.  If  such  data  are  accepted,  0.20  in. 
per  day  would  have  to  be  added  to  the  rate  already  found. 

These  two  thermal  influences  will  bring  the  coefficient  of  warm- 
water  evaporation  in  the  open  to  0.4115  +  0.2000  =  0.6115  in.  per 
day  for  warm- water  evaporation  in  the  sun,  neglecting  all  other  in- 
fluences. 

The  writer,  however,  did  not  use  that  figure.  To  allow  for  any 
hours  of  fog,  which  on  certain  occasions  may  extend  into  the  day 
hours;  for  the  cooling  effect  of  some  local  rainfall  on  the  lake;  for 
the  extra  shade  on  the  shady  sides  of  some  of  the  islands  and  shores, 
or  in  the  extra  dense  lake  forests;  and,  to  keep  on  the  generous 
side  of  the  calculations,  he  cut  the  above  rate  in  two.  This  50% 
rebate  still  leaves  a  daily  evaporation  of  0.3057  in. 

Even  this  minimum  reduced  rate  is  larger  than  the  0.27  in.  sug- 
gested by  the  writer  as  a  probable  evaporation  unit  for  Lake  Gatun. 

The  second  factor  to  consider  now  is  the  active  evaporative  sur- 
face of  the  lake,  an  element  never  before  analyzed  by  other  writers 
on  the  Panama  Canal. 

B. — Actual  Lake  Surface. — In  Lake  Gatun  the  actual,  active  evap- 
orating surface  of  the  agitated  water  in  contact  with  the  absorbing 
air — which  is  the  surface  where  evaporation  takes  place — will  be,  as 
explained  elsewhere,  considerably  larger  than  the  165  sq.  miles  of 
flat  surface  measured  by  Colonel  Hodges  on  the  map  by  the  lake's 
contour. 

This  increase  of  area  is  due:  First,  to  the  additional  surface  de- 
veloped by  ripples,  waves,  white-caps,  spray,  etc.,  caused  by  the  wind, 
the  churning  of  wheels  and  propellers,  or  by  any  other  disturbance 
of  the  water;  and,  secondly,  by  the  increased  wet  area  around  the 
bark  of  trees  and  vines  standing  in  the  lake,  due  to  such  oscillations 
of  the  level  and  to  capillarity. 

The  writer  will  not  inflict  on  the  reader  even  an  approximate 
calculation  of  this  additional  area  on  Lake  Gatun.  It  will  perhaps 
suffice  to  state  that  the  gentlest  ripples  on  a  lake  correspond  to  a  2% 
increase  of  surface;  that  a  spray  reducing  1  lb.  of  water  to  globules 
t\  in.  in  diameter  increases  the  surface  in  contact  with  the  air  240 
times;  and  that  the  wet  trunk  of  a  tree  only  4  in.  in  diameter  will 
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Mr.  expose  to  the  air  from  15  to  20  times  more  water  surface  than  the 
Sorzan  ,.  Q^Qdi  the  same  stump  occupies  in  the  lake. 

These,  at  first,  may  seem  to  be  very  small  matters,  but  there  are,  for 
instance,  more  than  450  000  000  trees,  of  4  in.  diameter  and  less,  in 
80  sq.  miles  of  tropical  forest  of  average  density.  This  item  alone 
would  increase  the  area  of  the  lake  by  16  sq.  miles,  or  10%  of  its 
original  flat  surface — not  by  fly-ofT,  but  by  actual  increase  of  sur- 
face. The  passing  of  steamers  will  disturb  and  churn,  not  1  lb.  of 
water,  but  tons  of  it. 

Under  such  circumstances,  it  is  reasonable  to  admit  that  these 
two  elements  alone  will  increase  the  active  surface  of  Lake  Gatun 
from  10  to  15%,  giving  it  from  180  to  240  sq.  miles  of  "actual  evap- 
orative surface,"  instead  of  the  165  sq.  miles  on  which  Colonel  Hodges 
and  others  insist  on  figuring. 

True  Rate  of  Evaporation. — Combining  the  thermal  rate  with  the 

surface  factor,  gives:  ^  ^.  .. 

Cubic  teet 
per 
Inches.         second. 

For  a  10%  increase    ("^'^^  fg,-|^"^^)  =  0.3272  =  1  452 
u   "  120/       u  =,  0.3636  =  1  614 

"    "  1^)%      "  =  0.4364  =  1  938 

This  shows  that  the  0.2712  in.,  entered  in  the  tables,  is  not  only 
possible  but  very  conservative  indeed,  particularly  if  it  is  remembered 
that  in  these  computations  the  action  of  the  wind  has  been  neglected, 
assuming  that  it  had  been  somewhat  felt  in  the  10-in.  pans,  though 
such  small  pans  do  not  gauge  well  the  effect  of  the  wind,  unless  they 
are  refilled  often,  to  keep  the  level  of  the  water  near  the  edge. 

To  show  that  the  foregoing  seemingly  high  figures  are  not  beyond 
possibility,  the  writer  (though  reluctant  about  using  the  figures  of 
one  locality  for  another),  believes  that  Table  21  will  be  interesting  to 
those  who  have  not  had  occasion  to  measure  evaporation. 

TABLE  21. — Evaporation  in  Culiacan  (Mexico).* 


Mean  evaporation,  in  24  hours;  April,  1909;  average  sunlight, 
7.86  hours  per  day;  average  wind  velocity,  6.10  miles  per  hour; 
average  temperature,  24.01°  cent.  (75.21°  Fahr.) 

Maximum  evaporation  in  24  hours;  April  22d,  1909;  9  hours  sun- 
light  

Total  evaporation  during  April,  1909;  221  hours  of  sunshine; 
average  temperature  in  the  shade,  23.85°  cent.  (74.93°  Fahr.); 
maximum  temperature  in  the  open,  38.12°  cent.  (100.61°  Fahr.); 
the  month  was  "  cloudy." 


In  the  shade. 


0.2555  in. 
0.351     " 

8.26       " 


In  the  open. 

0.451  in. 

0.680     '•  + 

14.16       " 


The  evaporation  in  the  open  was  71%  more  than  in  the  shade,  as  an  average  for  the  month 


*  The  completeness  of  the  data  recorded  by  the  able  Director  of  the  Meteorological 
Station  at  Culiacd.n  indicates  what' might  be  done  by  our  engineers  on  the  Isthmus. 
t  Showing  that  the  evaporation  in  the  sun  is  91%"  greater  than  in  the  shade. 
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The  foregoing  tedious  analysis  shows  that  the  differences  between     Mr. 
the  writer  and  his  critics,  on  this  important  question,  are : 

Colonel  Hodges  figured  on  the  evaporation  of  calm,  cool  water,  on 
a  flat  lake,  without  any  allowance  for  local  conditions. 

The  writer  figured  on  the  actual  loss  of  water,  due  to  the  increased 
area  of  the  lake,  and  to  the  true  evaporation  rate  as  corrected  for  open- 
air  conditions  and  higher  temperatures. 

The  reader  will  judge  who  is  on  the  safer  side. 

Lake  Forests. 

Area. — Assuming  waves  only  1  ft.  high;  a  capillarity  of  4  ft.,  and 
trees  with  roots  not  more  than  5  ft.  deep,  the  plane  of  lake  moisture 
will  be  felt  at  Elevation  +95.  At  that  reference  the  flat  water  surface 
of  the  lake  is  180  sq.  miles.  With  trees  only  35  ft.  high  in  the  valley 
and  15  ft.  on  the  crests,  the  ground  on  which  they  must  stand  so  as 
to  reach  5  ft.  above  water,  is  at  Elevation  +55,  where  the  lake  has 
an  area  of  105  sq.  miles.  These  conditions  will  give  75  sq.  miles  of 
forests  with  the  trees  not  less  than  5  ft.  above  water,  at  mean  +85  level. 

With  taller  trees  and  the  lake  below  +85,  the  forest  area  will  be 
considerably  larger.  With  the  1  300  promontories  in  that  lake  border, 
the  action  of  capillarity  will  be  felt  at  considerably  greater  height  than 
4  ft.,  and  the  actual  land  area  of  the  bed  will  also  be  very  much  larger. 
These  increases  will  be  waived  here,  to  make  up  for  bare  spots,  etc., 
leaving  the  75  sq.  miles  of  lake  forest — a  conservative  net  figure. 

By  the  very  irregular  configuration  of  that  basin  and  the  great 
inclination  of  the  ground,  the  trees  will  be  on  inclined  planes  with 
their  foliage  at  different  heights.  This  will  permit  better  circulation  of 
the  air  currents  and  cause  more  evaporation  and  fly-off  than  if  the 
forests  were  on  a  level,  with  trees  all  of  the  same  height. 

Foliage. — In  northern  climates,  trees  (except  evergreens)  get  their 
leaves  in  the  spring  and  drop  them  in  the  fall.  Defoliation  takes  place 
in  a  different  manner  in  the  tropics.  Trees  that  seem  to  be  evergreen 
are  continuously  getting  new  leaves  and  dropping  dead  ones.  In  general, 
every  28  days  some  old  leaves  are  lost,  and  some  new  ones  gained.  A 
few  plants  make  a  clear  job  of  it  in  the  dry  season,  but  the  great  ma- 
jority are  subject  to  astronomical  influences,  among  which  that  of  the 
moon  predominates. 

These  75  sq.  miles  of  forests  will  be  not  only  continually  absorbing 
water  from  the  lake,  but  forever  dropping  dead  leaves — a  perennial 
source  of  detritus  for  the  -^^  in.  of  play  around  the  valves,  gates,  and 
screens  in  the  locks,  on  which  Colonel  Hodges  figures,  and  for  the 
spillways. 

The  rest  of  the  submerged  forests  also  will  be  a  continuous  source 
of  danger  to  propellers  of  passing  craft. 

Sanitary.— The  United  States  has  spent  more  than  $30  000  000  in 
the  sanitation  of  the  Canal  Zone  and  in  destroying  all  breeding  places 
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Mr.  of  mosquitoes.  Many  more  millions  are  now  being  spent  in  creating  a 
'  lake  which  will  have  not  only  827  miles  of  shore  line,  but  20  miles  of 
saturated  border  lands,  and  more  than  80  sq,  miles  of  semi-stagnant 
forest  lakes,  where  the  Anopheles  and  the  Stegomyia  will  be  beyond 
the  most  energetic  and  intelligent  efforts  of  Colonel  Gorgas.  Unless 
these  forests  are  cut  down,  and  the  borders  cleared  and  kept  cleared,  it 
"will  be  impossible  to  continue  on  that  lake  the  admirable  system  of 
sanitation  established  so  successfully  by  that  eminent  hygienist.  And 
if  the  tsetse-fly  should  ever  find  its  way  to  that  border  line,  the  conse- 
quences would  be  appalling. 

Cost  of  Cutting  the  Forests. — In  Cuba,  with  laborers  at  $1.25  (gold) 
per  day,  it  costs  from  $27  to  $53  per  acre  to  cut,  burn,  and  clear  light 
forests,  and  from  $50  to  $125  per  acre  for  heavier  ones.  In  Panama  such 
light  work  will  cost  from  $35  to  $70  per  acre.  The  lots  at  a  distance, 
quite  inaccessible  or  dense,  will  cost  from  $75  to  $200  per  acre.  As 
what  remains  in  that  basin  is  probably  the  most  difficult  part,  it  is  not 
likely  that  the  average  cost  would  be  less  than  $75  per  acre.  At  that 
rate  it  will  cost  $7  500  000  to  clear  once,  the  land  for  Lake  Gatun. 
That  will  be  the  cost  of  preventing  fly-off. 

As  for  the  subsequent  annual  expenses  of  cutting  and  burning  the 
grass  and  new  vegetation  on  the  20  or  more  sq.  milas  of  borders,  and 
the  necessary  filling  of  crab  holes,  etc.,  they  are  beyond  approximate 
computation.  The  cost  will  depend  on  the  number  of  cuts,  and  will 
be  high,  as  the  work  cannot  be  done  by  machinery.  Good  results  could 
be  obtained  by  the  grazing  of  28  000  cattle  and  4  000  goats ;  but  Colonel 
PTodges  might  object  to  the  quantity  of  water  they  would  use  from 
the  lake.  The  cattle  would  also  increase  the  supply  of  mosquitoes  and 
flies. 

Fly-off. — The  writer  cannot  very  well  be  said  to  have  overlooked  the 
question  of  fly-off,  as  he  is  the  first  one  to  have  considered — or  at  least 
mentioned — fly-off  and  border  evaporation  in  connection  with  Lake 
Gatun  problems.  He  is  much  gratified,  though,  to  note  that  Colonel 
Hodges  now  alludes  to  the  "tremendous  amount  of  moisture"  lost  in 
that  way. 

Moist  lands,  either  bare  or  covered  with  vegetation,  lose,  indeed, 
every  day  quite  a  large  quantity  of  water  by  the  combined  effect  of  fly-off 
and  land  evaporation.  The  loss  will  vary  with  the  kind  and  condition 
of  the  soil,  the  class  of  plants,  the  degree  of  saturation,  the  temperature 
of  the  air  and  water,  the  slope  of  the  ground,  the  season,  the  prevalence 
of  air  currents,  etc.,  etc. 

Under  favorable  conditions,  the  daily  loss  may  be  two  or  three 
times  the  loss  that  would  take  place  from  the  surface  of  the  water 
under  the  same  condition?. 

Mr.    Fortier,    after   some   very    interesting   experiments,   has    found 
evaporation  from  saturated  soil   to  be  0.6785   in.   per   day,  when  the 
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water  surface  evaporation  was  only  0.26857  in.;  an  increase  of  2.532     Mr. 

Sorzano. 
times. 

This  was  under  the  following  conditions: 

Temperature  of   air   in   the   shade 71°  Fahr. 

"  "    soil   in  shade 76°      " 

"  "     surface  of  water 77°      " 

"  "     moist  soil  in  the  sun 83°      " 

"  "     soil  in  the  sun 95°      " 

Bare  soil,  evaporation,  per  day 0.6785     in. 

When  water  surface  evaporation  was 0.26857    " 

This  shows  a  land  evaporation  of,  say,  0.68  in.,  for  air  at  71°  to  95° 
and  water  at  77  degrees.  The  loss  will  certainly  be  much  more  at  the 
higher  sun  and  water  temperatures  recorded  on  the  Isthmus. 

Neither  did  the  writer  overlook  the  loss  that  takes  place  now  from 
the  lands  which  will  be  inundated  by  Lake  Gatun.  When  establishing 
that  lake's  budget,  he  considered  that  and  the  following  elements : 

I. — That  the  deeper  part  of  the  lake  bed,  near  Gatun,  is  already 
somewhat  cleared  or  more  open,  with  fewer  high  trees,  but  with  many 
marshy  spots  and  swamps  where  active  evaporation  and  fly-off  take 
place  now. 

//. — That  the  rest  of  the  basin  is  at  a  higher  reference,  and  cov- 
ered with  denser  forests,  from  which — after  the  dry  season  is  well  on  its 
way — less  evaporation  per  unit  of  area  takes  place  now  than  in  the 
swamps  or  in  the  same  forests  when  they  are  standing  in  water  in 
the  lake. 

III. — That,  after  the  lake  is  filled,  not  less  than  75  sq.  miles  of 
these  forests  will  stand  in  the  lake,  on  sloping  ground,  with  their  roots 
in  water  and  the  foliage  at  different  heights  above  it,  and  under  the 
searching  rays  of  the  sun — ideal  conditions  for  maximum  fly-off. 

IV. — That  the  unit  loss  per  sq.  mile  from  these  lake  forests  will  be 
considerably  more  when  standing  in  water — after  the  lake  is  filled — 
than  it  was  from  the  same  areas  before,  on  account  of  the  reduced  fly- 
off  from  dry  forests,  on  dry  soils,  during  the  dry  season. 

V. — That  the  water  of  Lake  Gatun  when  in  service  will  be  warmer 
than  the  water  in  the  swamps  now,  and  warmer  than  the  atmosphere, 
which  will  eliminate  the  condensation  gains  at  night. 

VI. — That  the  area  of  the  lake  forests  is  several  times  larger  than 
the  total  area  of  the  swamps  that  will  be  covered,  and  the  lake  will 
lose  more  by  the  forests  than  it  gains  by  the  swamps,  even  if  it 
could  be  proved  that  the  fly-off  of  the  densest  forest  were  only  a  frac- 
tion of  the  loss  from  the  most  effective  swamp. 

If  all  these  matters  had  been  stated  in  the  paper  it  would  have 
been  made  unreadable;  and,  as  a  balance  sheet  under  the  above  assump- 
tions would  have  shown  a  very  large  net  loss  on  the  lake,  and  in  con- 
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Mr.  sequence  would  have  favored  the  writer's  contention  too  much,  he 
abandoned  fly-off  to  "miscellaneous,  etc.,"  and  gave  his  figures  for 
border  evaporation  only,  in  order  to  invite  criticism  on  that  new 
subject. 

The  writer  abandoned,  also,  to  "miscellaneous,  etc.,"  another  im- 
portant item,  one  to  which  Colonel  Hodges  has  not  given  a  place  in 
his  criticisms,  namely,  the  reduction  of  dry-season  run-off. 

The  Reduction  of  Dry-Season  Run-off. 

The  total  catchment  basin  for  all  the  tributaries  of  the  future  lake, 
is  given  in  the  Report  of  the  Isthmian  Canal  Commission  as  1  200  sq. 
miles.  The  writer,  remembering  the  impossibility  of  surveying  ac- 
curately crest  lines  through  tropical  forests,  adds  10%  to  that  area, 
making  it  1  320  sq.  miles. 

The  165  sq.  miles  occupied  by  the  lake  when  filled  up  to  the  85-ft. 
level  will  not  be  added  to  that  basin,  but  taken  from  it,  and  inundated. 

If  one  could  imagine  the  catchment  basin  to  have  the  same  storage 
capacity  all  over  its  surface,  the  dry-season  run-off  from  it  would  be 
proportionate  to  the  area.  Deducting  165  from  the  1  320  sq.  miles  in 
the  basin  would  reduce  the  dry-season  run-off  in  the  same  proportion,  or 
12i%;  but  the  alluvial  soil — where  the  water  is  stored  and  from  which 
the  dry  months'  seepage  run-off  comes — is  known  to  be  considerably 
thicker  below  reference  -|-85  than  at  the  higher  planes  and  on  the 
rocky  hills.  The  rainfall,  also,  is  more  copious  in  the  lower  basin  near 
Gatun  than  in  any  other  parts  of  the  central  region.*  These  two  condi- 
tions assure  a  larger  storage  capacity  for  the  lower  strata,  and  in  con- 
sequence a  larger  run-off  from  it;  therefore,  the  actual  loss  will  be 
considerably  more  than  in  proportion  to  the  areas.  This  difference, 
however,  will  be  waived,  or  rather  left  to  counterbalance  any  better 
run-off  that  may .  be  produced  by  the  small  slice  between  +85  and 
+80,  which  will  drain  when  the  lake  is  lowered,  and  for  good  measure. 

Assuming,  then,  only  a  pro  rata  shrinkage,  dry-season  inflow  to 
the  lake  would  be  reduced  as  follows : 

In  a  dry  year  showing  1  200  cu.  ft.  per  sec,  12^%  =  150  cu.  ft. 

per  sec. 
In  a  dry  year  showing  1 190  cu.  ft.  per  sec,  12^%  =  148  cu.  ft. 

per  sec. 
In  a  dry  year  showing  1 100  cu.  ft.  per  sec,  12^%  =  137  cu.  ft. 

per  sec. 
In  a  year  like  1908,  800  cu.  ft.  per  sec,  12i%  =  100  cu.  ft. 

per  sec. 

*Results  of  33  years'  observations  at  Colon : 

Dry-season  rainfall,  Atlantic  side,  permonth  =  3.70  in. 
Dry-season  rainfall,  in  the  interior,  per  month  =  1.56  in. 
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The  writer  believes  the  foregoing  amounts  to  be  too  low,  for  the     Mr. 
following  reasons:  ^^'■^^°°- 

a. — The  alluvial  soil  in  the  valley  below  +85  is  several  times 
thicker  than  on  the  hills  and  the  higher  slopes;  and  the  storage 
capacity  and  consequent  run-off  will  be  in  proportion. 

h. — The  changes  in  the  hydraulic  gradients  will  create  disad- 
vantageous conditions;  for  instance,  some  of  the  seepage  drainage 
flowing  now  at  +5  or  -j-10  elevation,  will  meet  a  head  of  85  ft.; 
the  drainage  from  the  higher  planes,  on  the  contrary,  will  have  a 
shorter  distance  to  run  to  reach  the  lake,  and  will  discharge  more 
quickly. 

c. — It  can  be  conceived  that,  under  these  conditions,  after  the  last 
rain  of  the  wet  season  has  fallen,  the  run-off  from  the  hills  above  +85 
will  be  more  rapid,  and  perhaps  too  rapid,  emptying  into  the  lake 
when  water  is  still  running  over  the  spillways,  and  exhausting  the 
thin  layers  on  the  hills  when  the  water  cannot  be  stored. 

After  the  first  month  of  dry  weather  the  run-off,  on  the  contrary, 
will  be  much  reduced,  due  to  that  condition. 

d. — The  total  result  will  be  an  actual  loss  to  the  lake  much  larger 
than  calculated  by  the  pro  rata  area  method. 

Under  the  circumstances,  it  would  seem  that  the  safe  figures 
would  be  at  least  150  cu.  ft.  per  sec.  for  a  year  like  1908. 

As  there  are  no  melting  snows,  and  no  storage  lakes  in  that  basin 
to  make  up  for  this  certain  loss,  it  is  inevitable  and  irreparable.  And 
yet  this  important  loss  has  not  been  considered  at  all,  nor  allowed 
for  by  Colonel  Hodges  when  objecting  to  other  minor  losses  of  much 
less  importance  entered  in  the  tables. 

Border  Evaporation. 

Colonel  Hodges  evidently  confuses  border  evaporation  with  fly-off; 
but  his  admission,  that  they  give  off  a  "tremendous  amount  of  moist- 
ure," shows  that  he  instinctively  perceives  their  importance.  The 
writer,  however,  would  have  preferred  to  have  him  give  more  definite 
data  for  discussion,  than  that  otherwise  very  appropriate  adjective, 
"tremendous." 

By  border  evaporation  is  meant  the  loss  which  takes  place  from 
the  moist  lands  all  around  the  lake,  the  water  being  furnished  by  the 
lake,  either  by  capillarity,  by  saturation,  or  by  direct  watering  due 
to  waves  or  other  oscillations  of  the  water  level. 

The  shore,  from  which  such  border  evaporation  will  take  place, 
can  be  considered  in  two  parts : 

A. — The  inside  beach,  on  the  whole  periphery  of  the  lake,  kept 
constantly  saturated  by  the  incessant  fluctuations  of  the  water,  due 
to  waves,  wind,  lowering  of  the  lake,  etc.,  etc. 

B. — The  outside  beach,  farther  out,  kept  moist  only  by  capillary 
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Mr.  movement  of  the  water  through  the  moist  soil,  all  around  the  inside 
s^""^°^-  beach. 

A. — Inside  Beach  or  Border. — The  total  length  of  the  lake's  contour 
line,  neglecting  small  coves,  is  827  miles.  The  width  of  the  inside 
strip  which  will  be  watered  by  the  lake  fluctuations,  will  vary  con- 
siderably, according  to  the  irregularities  of  the  ground,  and  the  mag- 
nitude of  the  oscillations. 

Leaving  out  exceptionally  stormy  weather,  the  width  of  the  watered 
strip  may  vary  from  1  ft.  in  the  vertical  walls  to  100  ft.  or  more 
on  the  flat  slopes.  At  the  same  ratio  at  which  the  contour  lines 
spread  on  that  basin,  fluctuations  of  1  ft.  in  the  water  level  will  cover 
and  uncover  17.54  sq.  miles  of  moist  land;  to  facilitate  calculations, 
say,  only  16.5  sq.  miles. 

Instead  of  the  tremendous  evaporation  suggested  by  Colonel 
Hodges,  instead  of  the  figures  found  by  Fernow,  or  the  0.68  in.  by  For- 
tier,  or  any  of  the  higher  rates  found  by  other  investigators  for  satu- 
rated soils  under  high  thermal  conditions,  the  writer  takes  only  the  0.30 
in.  found  for  Lake  Gatun.  The  16.5  sq.  miles  of  inside  border  will 
receive  every  day  from  the  lake  and  evaporate  at  the  rate  of  110  cu. 
ft.  per  sec.  for  inside  border  evaporation  only. 

B. — Outside  Beach  or  Border. — Assuming  a  strip  only  21  ft.  wide, 
kept  moist  by  drainage,  run-off  from  uncovered  storage,  and  by  capil- 
larity, there  will  be,  on  the  outside  border,  a  moist  land  area  of 
3.40  sq.  miles.  There  are  on  the  serrated  contour  of  the  lake  and 
islands  more  than  1  300  narrow  peninsulas  in  which  the  two  opposite 
sides  are  so  near  that  capillarity  will  act  all  the  way  across  them. 
This  will  add  considerably  to  the  above  area,  but  it  is  here  waived  to 
make  up  for  extra  shady  spots,  and  for  good  measure. 

Usual  soil  will  allow  a  capillary  movement  of  more  than  2  lb. 
of  water  per  square  foot  in  24  hours,  or  about  10  cu.  ft.  per  sec. 
per   sq.   mile. 

Limiting  the  figures  to  what  that  rate  of  capillarity  will  permit, 
under  usual  conditions,  there  will  be,  on  this  outside  border,  a  loss  of 
34  cu.  ft.  per  sec. 

The  total  of  these  two  items  will  give  a  daily  loss  of  144  cu.  ft. 
per  sec. 

The  writer,  to  avoid  controversy  on  side  issues,  entered  in  his 
tables  a  loss  of  only  33  cu.  ft.  per  sec.  The  true  amount  will  evidently 
be  many  times  larger. 

Land  Area  of  the  Lahe  Bed. — When  computing  border  evaporation 
one  has  to  consider  the  "land  area"  only,  and  not  the  surface  of  the 

lake. 

Colonel  Hodges,  when  quoting  the  writer's  phrase,  "in  every  dry 
season,  will  uncover  an  area  of  land  measuring  more  than  100  sq. 
miles,"   did  not   pay   due   attention  to   the   word   "land,"    and   conse- 
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quently  entered  into  an  unnecessary  and  quite  irrelevant  discussion  Mr. 
on  the  extension  of  the  lake  surface.  The  land  area  specified  so 
plainly  by  the  writer  in  the  above  requoted  sentence  is  the  actual, 
undulating,  irregnlar,  geological  surface  of  the  ground  itself,  not 
as  it  would  be  measured  on  a  map;  not  the  flat  surface  of  the  lake; 
but  as  in  actual  contact  with  the  air.  This  land  area,  of  course,  is 
considerably  larger  than  the  flat  surface  of  the  lake  as  measured 
by  Colonel  Hodges  between  contour  lines. 

In  the  case  of  the  Gatun  Basin,  the  corrugations  of  the  ground 
are  so  numerous  and  deep,  that  the  increase  in  area  is  considerably 
more  than  usual,  as  will  be  noticed  by  a  glance  at  the  extraordinarily 
serrated  contours  of  the  lake,  shown  on  Plate  VI. 

If  the  Gatun  Basin  were  a  hemispherical  bowl,  the  lake  would  have 
a  circumference  of  only  45.84  miles;  as  it  is,  the  lake  has  a  periphery 
measuring  more  than  827  miles.  This  explains  the  increased  "area 
on  land"  stated  by  the  writer. 

Peculiarities  of  Ldlce  Gatun. — Attention  is  called  to  the  following 
features  of  Lake  Gatun,  as  shown  on  the  map,  Plate  "VT : 

1. — The  extremely  serrated  contour  line,  showing  the  great  corruga- 
tion of  the  bed,  thus  increasing  the  land  area  of  the  basin. 

2. — The  multitude  of  large  and  small  peninsulas,  which  by  capil- 
larity will  be  water-saturated,  thus  increasing  border  evaporation  and 
fly-off. 

3. — The  multitude  of  large  and  small  bays,  where  water  will  be 
very  warm  and  absolutely  stagnant  during  the  dry  season,  thus  in- 
creasing evaporation. 

4. — The  close  proximity  of  the  water  edge  to  the  crest  line  of  the 
drainage  basin,  or  the  water-shed,  which  may  facilitate  seepage  at  the 
points,  M,  N,  0,  F,  and  Q, 

5. — The  polygonal  route  of  navigation  and  the  submerged  channel, 
A-B-C-D-E-F-G-H ,  through  the  irregular  sections  of  the  lake. 

6. — The  proximity  of  that  submerged  channel  to  the  land,  and 
to  promontories  and  islands,  particularly  at  B,  0,  D,  E,  and  F.  Any 
error  in  the  bearing  may  ground  a  vessel  on  the  submerged  promon- 
tories indicated  by  the  serrated  contour  line. 

7. — This  map  shows  the  water  at  Elevation  +85;  at  lower  eleva- 
tions the  submerged  obstacles  will  be  closer  to  the  route  of  navigation, 
though  invisible  above  water.  From  A  to  H  the  submerged  channel 
is   excavated  through   these  obstacles. 

8. — The  entry  of  the  Chagres  River  at  Gamboa,  running  into  the 
Lock  Canal  at  an  angle  of  80  degrees.  As  no  provision  is  made  for 
the  control  of  this  river  during  the  wet  season  and  during  freshets, 
the  fact  that  it  will  empty  its  enormous  flow  directly  into  the  Canal 
will  endanger  vessels  navigating  between  F  and  G. 
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jjj.  9.— The   sediment  carried  by  the   Chagres  River  will  deposit   ir- 

Sorzano.  j-eg^larly  between  G  and  G. 

10. — The  most  dangerous  part  of  the  submerged  polygonal  route, 
between  A  and  G,  is  also  the  part  of  the  Canal  where  intense  fogs 
will  prevail  in  the  early  morning,  or  from  1  a.  m.  to  about  7  a.  m., 
particularly  in  the  wet  season— when  the  fogs  may  last  from  mid- 
night to  8  A.  M. 

11. — In  navigating  a  polygonal  route,  pilots,  to  find  their  bear- 
ings, have  to  get  on  the  center  hne — to  be  in  line  with  the  beacons. 
When  two  vessels  going  in  opposite  directions  attempt  that — on  a 
short  leg — head-on  collisions  are  not  impossible. 

12.— In  a  sea-level  canal,  there  would  be  no  submerged  channel 
in  that  region,  the  canal  being  cut  through  the  ground  with  the  shore 
always  visible.  The  vessels  would  not  have  to  get  their  bearings  from 
distant  lights;  they  would  follow  the  shore,  keeping  to  the  right,  with 
no  possibility  of  collision. 

13. — Attention  is  called  to  the  very  irregular  width  of  the  tor- 
tuous gorge  through  which  the  submerged  cliannel.  A,  B,  G,  D,  E,  F, 
G,  winds  its  way  through  that  part  of  the  canal,  between  hills,  islands, 
and  promontories.  This  irregularity  of  the  channel  will  cause  eddies 
and  currents  of  different  velocity,  ever  varying  with  the  depth  of  the 
water  and  the  flow  of  the  rivers  in  different  seasons,  and  during 
freshets.  The  regime  of  that  navigating  channel  will  always  be 
varying  with  these  changing  conditions. 

Percolation. 

The  facts  on  which  the  writer  based  his  assumption  that  there 
was  a  risk  of  a  certain  amount  of  percolation  in  Lake  Gatun,  are 
as  follows: 

/. — A  lake  bed  measuring  considerably  more  than  200  sq.  miles, 
the  greatest  part  of  it  still  unexplored,  covered  with  its  natural  growth 
of  tropical  forests,  and  substrata  conditions  as  to  fissures,  faults, 
devices,  seams,  etc.,  unknown  at  the  time  the  paper  was  written, 
and  investigations,  borings,  etc.,  still  going  on. 

77. — Experiments,  borings,  etc.,  wherever  made,  have  shown  per- 
vious materials,  and  in  some  places  well-defined  joint  planes  and  seams 
through  which  water  passes  freely  with  velocity  enough  to  throw  the 
stream  from  1  ft.  to  1-J  ft.  into  the  opening.^ 

In  other  places : 

"Some  of  the  rocks  are  of  open  texture  and  permit  the  flow  of 

water."t 

These  quotations  are  from  the  official  Report  of  the  engineer  in 

charge  of  the  investigation  of  the  lake  basin. 

^Report,  Isthmian  Canal  Commission,  1908,  p.  165. 
t-Lof.  cit.,  p.  127. 
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in. — The   Camacho   Reservoir,   in   the   same  locality,   in   August,      Mr. 
1908,   "had   leaks   that  made   it  necessary   to   draw  the  water   18   ft. 
in  order  that  the  fissures  in  the  trap  rock  of  the  side  hills  may  be 
filled   with   clay   to   stop   the   leaks,   it   having   been   ascertained   that 
the  leaks  are  through  the  side  hills." 

IV. — There  is  nothing  in  the  Canal  Zone  to  show  that  the  con- 
ditions of  the  trap  rock  in  other  parts  of  that  vast  lake  bed,  and 
under  the  standing  forests,  are  not,  and  cannot  be  the  same  as  those 
developed  after  one  year  of  service  in  the  Camacho  Reservoir. 

The  conditions  being  the  same,  the  results  may  be  the  same;  and 
as  Gatun  Lake  will  be  2  780  times  larger  than  the  Camacho  Reservoir, 
and  also  deeper,  the  risk  of  more  fissures  and  crevices  is  correspond- 
ingly greater. 

That  the  foregoing  conditions  deserved  consideration  is  shown  by 
a  letter  from  Colonel  Hodges,  in  which,  referring  to  the  rocks  under 
the  Gatun  locks,  he  says:* 

"The  indications  are  that,  under  the  lake  head,  there  might  be 
actual  flow  of  water  in  the  stratum  of  soft  sandstone.  This  flow,  of 
course,  would  be  slow  and  general  in  its  character,  rather  than  local- 
ized in  streams.  Nevertheless  it  was  thought  best  to  stop  it  by  the 
curtain  wall,  lest  an  actual  material  removal  of  particles  of  the  sand- 
stone might  take  place.  *  *  *  Furthermore,  the  test-pits  indicated 
an    underground   flow    from   the   eastward     *     *     *." 

No  better  evidence  of  a  strong  probability  of  percolation  could 
be  demanded  than  those  words,  from  such  an  authority. 

And,  if  such  percolation  is  a  fact  in  the  small  area  where  the 
locks  happened  to  be  located,  why  should  it  be  impossible  in  the  rest, 
or  in  any  other  part  of  that  240  sq.  miles  of  lake  bed  ? 

The  writer  sees  there  a  risk,  and  claims  that  no  proper  allowance 
has  been  made  for  it  by  the  authorities  now  in  charge. 

The  Comite  Technique,  for  a  lake  of  smaller  size  and  only  60  ft. 
deep,  assumed  a  percolation  of  0.24  in.  per  day. 

The  writer,  for  a  reservoir  three  times  larger  and  85  ft.  deep — that 
is,  for  a  risk  more  than  four  times  larger — suggested  a  loss  vary- 
ing from  0.475  to  0.377  in. 

Colonel  Hodges  evades  the  question  by  not  mentioning  any  figure 
at  all;  and  yet  enormous  curtain  walls  are  being  built  around  the 
locks,  and  borings  and  investigations  are  still  going  on  at  great 
cost.  Why  these  expenditures,  if  there  is  no  risk  or  even  probability 
of  loss  of  water  by  percolation?  If  there  is  the  most  remote  risk, 
why  not  provide  against  it  in  the  calculations? 

In  reply  to  the  wri;ter's  assumption.  Colonel  Hodges  only  says: 
"The  engineers  on  the  Isthmus"  are  of  the  opinion  "that  the  percola- 


*  Engineering  News,  December  2d,  1909,  p.  617. 
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tion  through  the  bed  and  walls  of  the  reservoir  will  not  be  a  matter 
of  serious  importance." 

The  difference  between  an  opinion  and  an  engineering  solution, 
is  that  one  can  be  argued  forever,  the  other — right  or  wrong — must 
assume  a  definite  form,  a  dimension.  If  the  figures  in  the  tables 
are  too  high,  why  not  change  them,  and  see  in  what  way  the  draft 
question  will  be  affected? 

As  for  the  Camacho  Heservoir,  the  figures  given  by  Colonel  Hodges, 
to  use  his  own  language,  "require  a  little  correction,"  for,  instead  of 
the  "2  000  000  gal.  daily"  mentioned  by  him,  the  official  report*  gives 
the  following  statement: 

"The  average  daily  consumption  from  this  reservoir  was  1  210  988 
gallons.  At  the  lowest  elevation  reached  during  the  year  there  re- 
mained in  the  reservoir  sufficient  water  for  but  one  day's  use, 
*  *  *.  This  low  elevation,  and  the  consequent  short  supply  in  the 
reservoir,  was  due  to  the  small  rainfall  on  the  watershed  and  to 
evaporation,  it  having  been  noted  that  even  after  a  comparatively 
heavy  rainfall  a  large  percentage  of  the  water  was  absorbed  by  the 
earth  or  evaporated  by  the  intense  heat  of  the  sun,     *    *    *." 

A  flagrant  case  of  plain  "fly-off,"  with  perhaps  a  little  unmeasured 
percolation  through  the  bottom! 

If  the  calculations  of  Colonel  Hodges  be  corrected  by  the  above 
official  figures,  his  available  amount  of  water  in  Lake  Gatun  would 
be  only  2  522  cu.  ft.  per  sec,  instead  of  the  4  000  cu.  ft.  per  sec. 
which  he  gives. 

The  writer,  however,  did  not  point  to  the  Camacho  Heservoir  as 
a  "horrible  example"  of  water  supply,  but  only  as  a  simple  local 
warning  about  percolation. 

Seepage  and  Percolation. — Before  preparing  this  paper,  the  writer 
analyzed  very  carefully  the  seepage  experiments  described  by  Mr. 
Hazen,  and  published  in  full  in  the  Report  of  the  Isthmian  Canal 
Commission.  Those  experiments  were  made  in  small  tanks  (about 
39  in.  in  diameter),  to  ascertain  seepage  conditions  in  various  soils,  in 
order  to  obtain  data  for  the  construction  of  an  earth  dam  at  Gatun. 

In  these  experiments,  the  material  was  placed  in  the  tanks  by  hand, 
and,  as  the  report  says: 

"As  far  as  possible,  an  effort  was  made  to  deposit  the  material 
in  the  tanks  in  a  condition  similar  to  that  when  found  in  place." 

Under  such  conditions,  it  is  obvious  that  cracks,  fissures,  seams, 
and  crevices  cannot  be,  and  could  not  have  been,  "transplanted"  and 
replaced  in  the  small  tanks  in  the  exact  condition  in  which  they  are 
found  in  Nature,  and  not  even  in  a  similar  condition  in  regard  to 
compactness,  permeability,  and  dimensions  of  fissures,  interstices,  etc. 

Under  such  circumstances,  the  data  obtained  by  those  experiments 

*Report,  Isthmian  Canal  Commission,  1909,  p.  86. 
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were  very   useful  in  finding"  out  how  materials  placed  by  Man  will     Mr. 
behave  in  a  carefully  constructed  earth  dam;  but  they  will  not  show    °^^^°*'- 
how  water  will  behave  in  the  cracks,  seams,  flaws,  and  fissures  which 
have  not  been  experimented  on,  but  may  have  been  on  the  ground 
just  alongside  of  the  materials  tested. 

If  studying  the  construction  of  a  reservoir,  with  its  bed  artifi- 
cially formed  by  Man,  with  selected  material  carefully  deposited,  as 
far  as  possible  in  the  condition  in  which  it  was  placed  in  those  ex- 
perimental tanks,  there  is  no  doubt  that  the  figures  and  data  obtained 
and  given  out  by  Mr.  Hazen,  would  have  great  practical  value;  and 
in  that  case  no  man  could,  better  than  Mr.  Hazen,  calculate  to  a 
nicety  the  speed  at  which  seepage  might  afl^ect  that  reservoir. 

But,  unfortunately,  in  dealing  with  an  immense  lake,  with  water 
85  ft.  deep,  resting  on  natural,  undisturbed  ground,  covering  unknown 
substrata  conditions,  there  is  an  element  of  risk  which  has  not  been 
measured  in  the  tanks. 

The  seepage  problems  studied  by  Mr.  Hazen  are  such  as  concern 
dams,  canal  embankments,  filter  beds,  and  other  work  executed  by 
Man  to  retain  water  or  to  filter  it,  but  they  are  not  applicable  to  the 
question  of  percolation  as  presented  in  this  paper. 

As  there  is  evidently  a  misunderstanding  in  the  use  of  terms,  per- 
haps a  definition  would  not  be  amiss  here. 

By  "seepage,"  the  writer  means  that  portion  of  rainfall  or  of 
any  other  water  supply  which  soaks  and  sinks  into  the  ground,  by 
passing  slowly  through  the  mass  of  the  soil,  and  reappears  later  at 
lower  elevations. 

Seepage  is  what  produces  simple  moisture  below  embankments, 
springs,  pools,  and  swamps,  and  feeds  the  streams  during  dry  sea- 
sons. 

As  it  is  based  generally  on  well-established  and  uniform  conditions, 
which  can  be  easily  measured,  its  intensity  can  be  calculated  with 
good  approximation,  as  in  the  experiments  mentioned. 

By  "percolation"  the  writer  means  that  amount  of  water  which, 
after  having  passed  through  the  top  strata  of  alluvial  soil,  reaches 
the  underlying  rock  formation  and  passes  out  through  the  seams, 
fissures,  faults,  cracks,  or  whatever  other  natural  orifices  may  exist  in 
the  rock,  and  be  sufficient  to  permit  the  water  to  pass  slowly,  and 
continue  on  its  way  to  its  ultimate  destination — into  the  lower  depths 
of  the  earth  or  into  the  ocean. 

Percolation  takes  place,  not  through  the  mass  of  the  rocks,  but 
through  the  seams,  flaws,  and  cracks;  not  necessarily  by  the  shortest 
way,  but  by  the  easiest  way,  following  the  best  downward  passages. 

Seepage  and  percolation  do  not  exclude  each  other.  They  may 
go  together;  but,  by  the  nature  of  things,  seepage  precedes  perco- 
lation. 
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Seepage  flow  depends  on  the  local  conditions  in  the  upper  strata: 
the  composition  of  the  soil,  its  permeability  and  topography;  the 
density  of  vegetation,  evaporation  cracks,  decayed  roots,  temperature 
of  water,  hydraulic  gradients,  meteorological  influences,  etc.  These 
conditions  being  generally  well  established  and  combined  in  large, 
uniform  masses,  their  results  can  be  easily  studied  by  samples  rep- 
resenting such  masses.  Seepage  velocity  can  be  thus  measured  with 
sufficient  accuracy. 

Percolation,  on  the  other  hand,  depends  on  conditions  not  generally 
as  accessible  to  the  investigator.  It  depends,  not  only  on  many  of 
the  above  elements,  but  on  the  amount  of  water  remaining  after  seep- 
age; on  the  nature  and  composition  of  the  rock  formation;  and  on  the 
presence  of  seams,  cracks,  faults,  fissures,  crevices,  or  other  flaws 
which  will  permit  the  slow  passage  of  water  having  head  enough  to 
force   its   way   through   such   passages. 

As  these  interstices  and  many  of  the  other  percolation  elements 
are  unseen  and  unknown,  percolation  speed  cannot  be  calculated  ac- 
curately in  advance.  It  can  be  estimated  approximately — by  compar- 
ing cases,  or  by  empiric  rules  combined  with  experience  and  judg- 
ment; but  it  cannot  be  measured  to  the  fourth  decimal  place,  as  Mr. 
Hazen  does  when  he  names  0.0008  in.  per  day  as  the  total  loss  on 
Lake  Gatun. 

There  cannot  be  percolation  if  there  is  no  water;  but  percolation 
is  possible  if  there  is  water,  particularly  under  the  high  pressure 
due  to  a  head  of  85  ft. 

Perhaps  a  better  classification  or  definition  of  these  phenomena 
would  be: 

Seepage. — The  oozing  of  water  through  the  whole  mass  of  satu- 
rated soil, 

Fer eolation. — The  passage  of  water  through  the  small  fissures  in 
the  rock  formation, 

Leakage. — An  exaggerated  percolation  through  larger  fissures. 

Rish  of  Percolation. — If  the  foregoing  tentative  definitions  or  dis- 
tinctions are  admitted,  it  will  be  seen  that  data  obtained  by  the 
methods  and  experiments  described  by  Mr.  Hazen  are  not  applicable 
to  the  question  of  percolation  as  raised  by  the  writer.  Por  it  is  obvious 
that  there  must  be  in  the  immense  Gatun  Basin  thousands  of  places 
presenting  spots  39  in.  in  diameter  where  there  will  be  no  flaws,  as 
in  the  tanks,  while  just  alongside  of  such  favored  spots,  important 
fissures  may  be  found  for  free  percolation. 

As  three-fourths  of  the  vast  area  of  Lake  Gatun  is  still  unexplored, 
in  fact,  actually  covered  with  top  soil  and  dense  vegetation,  it  is  not 
known  whether  fissures  or  any  kind  of  passages  exist  in  that  vast 
territory;  hence  the  element  of  risk  mentioned  by  the  writer. 
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That  such  risk  exists,  is  proved  by  the  large  sums  now  being  spent      Mr. 
on   the   Isthmus   in   making   studies,    investigations,   borings,   etc.,   in  ^o^^^^*^- 
order   to   ascertain  the  presence  of  flaws   in  the   underlying  rock   of 
that  basin. 

If  Mr.  Hazen  is  so  sure  that  the  total  amount  of  percolation  in 
that  basin,  measuring  more  than  200  sq.  miles,  cannot  even  reach 
the  unmeasurable  amount,  0.0008  in.  per  day;  if  the  authorities  can 
be  so  sure  in  advance  that  the  rocks,  even  if  fissured,  will  permit  the 
percolation  of  less  than  the  solid  specimens  quoted  in  Table  9,  why 
spend  such  enormous  sums  in  building  around  the  locks  huge  curtain 
walls — as  those  now  being  built — to  prevent  the  passage  of  ground- 
water  (percolation)   through  the  rock  under  those  locks? 

If  the  reservoir  at*Gatun  were  a  natural  lake  with  a  regime  well 
established  by  years  of  service  and  sedimentation,  the  writer  would 
not  have  raised  the  question  of  percolation"  risk;  but  it  will  be  an 
entirely  new  reservoir,  in  which  undiscovered  elements  may  exist ; 
and,  under  its  85-ft.  head,  new  ones  may  develop.  In  both  cases  they 
should  be  provided  for  on  the  safe  side,  until  their  importance  is 
ascertained. 

In  the  Ashokan  and  Croton  Reservoirs  mentioned  by  Mr.  Hazen,  as 
in  many  others  very  favorably  located,  the  question  of  percolation 
losses  is  not  paramount,  the  locations  having  been  selected  just  be- 
cause the  supply  is  known  to  be  more  than  needed.  Such  municipal 
reservoirs  have  generally  an  ample  and  continuous  supply.  As  long 
as  it  is  sufficient  for  the  estimated  demand,  perhaps  with  water  run- 
ning over  the  spillway,  the  losses  by  percolation  or  even  by  evapora- 
tion have  no  disturbing  importance;  but  that  does  not  prove  that  such 
phenomena  do  not  take  place  in  them. 

These  New  York  reservoirs  were  located  where  they  are  on  account 
of  the  favorable  conditions  they  offered;  but  the  location  of  Lake 
Gatun  was  selected,  not  because  it  had  the  best  soil  on  which  to  build 
a  reservoir,  nor  an  absolutely  impervious  one,  but  because  it  was  the 
only  spot  where  a  large  volume  of  water  could  be  stored,  and  give  an 
85-ft.  head. 

Because  there  is  no  anxiety  about  evaporation  and  percolation  in  the 
Croton  and  Ashokan  Reservoirs,  would  Mr.  Hazen  deduce  from  that, 
that  Lake  Gatun  cannot  or  will  not  lose  water  by  percolation  and 
evaporation  ? 

Experience  all  over  the  world  proves  that,  if  there  are  exceptional 
cases  in  which  no  appreciable  loss  is  felt  from  percolation,  there  are 
also  many  other  cases  on  record  in  reservoirs,  mines,  galleries,  etc., 
where  loss  of  water  by  percolation  through  rocks  has  been  measurable, 
important,  and  sometimes  ruinous;  and  this  at  places  where  least 
expected. 

The    Camacho    Reservoir,    built    by    American    engineers,    without 
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Mr.      restrictions  of  any  kind  as  to  cost  and  conditions,  on  a  well-selected 
*  site,  and  on  exactly  the  same  kind  of  soil  as  that  on  which  Lake  Gatun 
will  rest,  in  the  same  region  and  the  same  locality,  has  the  following  un- 
fortunate record: 

*^Leahs  in  the   Camacho  Reservoir. 

"Leaks  in  Camacho  Reservoir  near  Empire  have  made  it  necessary 
to  draw  the  water  from  elevation  358  to  340  [18  ft.]  in  order  that  the 
■fissures  in  the  trap  rock  of  the  side  hills  may  be  filled  with  clay.  It 
has  been  ascertained  that  the  leaks  are  through  the  side  hills  and 
that  the  dam  is  no  way  affected."* 

Had  a  paper  on  the  water  supply  of  the  Camacho  Reservoir  been 
written  four  years  ago,  mentioning  the  possibility  of  a  loss  of  water 
by  percolation  in  that  reservoir,  then  being  built,  it  would  have  been 
criticized  in  the  same  way  as  the  writer  is  now  being  criticized  in 
reference  to  percolation  in  Lake  Gatun;  but  it  would  have  been  right. 
The  risks  were  the  same.    Will  the  leakage  be  the  same? 

Rate  of  Percolation. — The  writer  has  no  particular  interest  in  any 
special  rate  of  percolation  in  Lake  Gatun,  in  the  intermediate  canal,  in 
Lake  Miraflores,  or  in  the  Culebra  Cut.  After  having  stated  in  the 
paper  that,  while  investigations  in  the  Gatun  Basin  were  going  on, 
the  question  was  somewhat  a  matter  of  guess,  he,  in  order  to  complete 
his  tables,  had  to  enter  in  them  some  approximate,  but  definite,  figure, 
on  which  to  calculate  the  loss  of  depth  in  the  lake.  In  consequence,  he 
adopted  a  daily  depression  averaging  0.420  in.,  computed  by  an  ap- 
proximate empiric  rule  he  has  found  very  handy  for  quick  preliminary 
Vi^ork.  He  did  not  pretend  that  those  figures  were  the  only  ones  pos- 
sible; he  only  hoped  that  any  engineer  analyzing  the  problem  would 
substitute  in  the  tables  whatever  figure  he  might  consider  nearer  the 
probabilities  of  the  case. 

Methods  of  Computation. — There  are  evidently  two  ways  to  ap- 
proach this  much-disputed  question :  One — the  writer's — is  to  estimate 
the  risk,  allow  for  it  an  ample  provision,  and  feel  safe;  the  other — Mr. 
Hazen's — is  to  disregard  completely  the  element  of  risk,  and,  if  any- 
thing happens,  then  to  be  "at  a  loss  to  account  for  this  percolation 
through  the  material  a  short  distance  below  the  natural  surface,"  as 
he  says  now  in  connection  with  the  leaks  in  the  Camacho  Reservoir. 

The  explanations  given  on  this  matter  by  such  an  authority  as 
Mr.  Hazen  are,  it  would  seem,  the  best  vindication  of  the  writer's  con- 
tentions that  could  be  presented,  and  in  consequence  they  are  repro- 
duced here,  in  full : 

In  speaking  of  the  Camacho  Reservoir  leaks,  Mr.  Hazen  says : 

"The  writer  [Mr.  Hazen]  is  at  a  loss  to  account  for  this  percolation 
through  the  material  a  short  distance  below  the  natural  surface.  His 
first  thought  was  that  it  might  be  due  to  the  spaces  left  by  decayed 
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roots,  but  observation  in  cuts  showed  that  as  a  rule  roots  did  not  ex-  Mr. 
tend  far  into  the  soil,  and  the  seepage  was  through  a  layer  deeper  Sorzano. 
than  that  to  which  roots  ordinarily  extend.  The  writer  has  been  told 
that  in  very  dry  seasons  there  are  shrinkage  cracks,  due  to  the  con- 
tinued extraction  of  moisture  by  roots,  and  otherwise  by  evaporation, 
from  the  clayey  soil  containing  a  large  percentage  of  pores  filled  by 
moisture,  and  that  these  shrinkage  cracks  sometimes  extend  to  con- 
siderable depths.  It  may  be  that  these  cracks  when  once  formed  do 
not  completely  heal  in  the  ensuing  rainy  season, ,  and  that  there  may 
be  seepage  through  them." 

If,  according  to  Mr.  Hazen,  because  conditions  in  Gatun  and 
Camacho  are  the  same,  there  is  no  reason  to  apprehend  more  loss  of 
water  by  percolation  from  Lake  Gatun  than  from  Camacho  Keservoir, 
there  is,  according  to  the  writer,  no  reason  either  to  state  that  the  loss 
by  percolation  will  be  less  at  Gatun  than  at  Camacho. 

If  the  rate  of  percolation  at  Gatun  Lake  should  be  no  more — and 
no  less — than  at  Camacho  Lake,  Mr.  Hazen's  0.0008  in.  will  be  utterly 
insufficient,  and  the  figures  suggested  by  the  writer  will  be  amply  safe. 

If  the  estimated  water  budget  of  the  Lock  Canal  cannot  permit  a 
safety  margin  of  0.42  in.  per  day  (only  1.23%)  on  a  reservoir  85  ft, 
deep,  then  indeed  the  supply  is  insufficient,  as  it  does  not  allow  any  lee- 
way for  contingencies,  indispensable  in  all  engineering  undertakings. 

Silting  in  Lake  Gatun. 

The  writer  wishes  to  thank  Mr.  Paschke  for  the  words  of  apprecia- 
tion with  which  he  so  kindly  accompanied  his  criticisms.  He  evidently 
remembers  how  welcome  a  refreshing  shower  is  in  the  "dry  season  of 
a  dry  year." 

The  point  raised  by  Mr.  Paschke  is  well  taken,  and  is  perhaps  one 
of  the  best  arguments  against  the  probability  of  an  excessive  percola- 
tion, say  of  2  in.  or  more  per  day;  but  the  question  of  silt,  being  so  im- 
portant, was  carefully  considered  by  the  writer,  and  amply  allowed  for 
in  the  figures  entered  in  Tables  4  and  6. 

The  empiric  rule  given  by  the  writer  for  "probable  percolation,"  in 
cases  where  substrata  conditions  are  not  known,  is  based  on  the 
precise  assumption  that  the  underlying  rock  is  already  covered  with 
a  top  stratum  at  least  equal  to  about  the  depth  of  water  in  the  reservoir 
under  consideration,  at  the  different  points  of  the  basin. 

According  to  that  assumption,  if  the  underlying  rock  formation 
should  have  seams,  fissures,  crevices,  or  any  other  outlets  distributed 
in  the  basin,  that  empiric  rule  will  give,  with  reasonable  approximation 
— and  on  the  safe  side — the  rate  at  which  the  level  of  the  water  will 
lower,  making  the  thickness  of  alluvial  soil  a  factor  on  equal  terms 
with  the  head  of  water.  This  rule  recognizes  the  influence  of  the 
thickness  of  soil  and  silt,  as  they  are  apt  to  be  found  in  usual  average 
conditions,  that  is,  thinner  where  the  water  is  shallow  and  thicker 
where  the  basin  is  deeper. 


Sorzano 
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Mr.  There  is  no  doubt  that  every  freshet  will  bring  a  certain  amount 

of  new  silt  to  the  bottom  of  Lake  Gatun.  The  writer  studied  this  point 
very  carefully,  but  believes  that  the  quantity  will  not  be  as  large  as 
it  might  seem  at  first  thought,  for  the  following  reasons: 

I. — The  Higher  Level  of  the  Lake. — ^By  raising  Lake  Gatun  85  ft,, 
the  discharge  plane  of  all  the  streams  now  emptying  at  sea  level  will 
be  raised  the  same  amount.  The  long  distances  that  these  streams  now 
have  to  run,  or  rather  cut,  through  the  low  alluvial  soil  to  reach  their 
destination,  will  be  shortened,  not  by  a  few  feet,  but  by  scores  of  miles. 
The  level  of  Lake  Gatun  will  reach  above  Gamboa,  as  far  as  Alhajuela 
on  the  Chagres  River,  and,  in  the  other  parts  of  the  Basin,  for  miles 
out  of  the  Canal  Zone,  up  in  the  hills,  covering  thus  the  lower  and 
thicker  alluvial  soils,  where  they  are  to-day  the  more  subject  to  attack 
and  where  the  accrued  currents  are  now  more  violent  and  effective.  The 
erosion  that  takes  place  now  in  all  the  streams  and  slopes,  in  the  200 
and  more  square  miles  of  that  basin  below  reference  -|-85,  will  cease 
completely,  and  this,  where  it  was  the  most  active.  Lake  Gatun,  by 
running  up  toward  the  hills,  will  drown  and  cover  all  the  creeks, 
gullies,  embankments,  etc.,  in  that  territory,  searching,  so  to  speak, 
through  the  forests  for  all  low  points,  and  obliterating  the  cuts  and 
silt-producing  embankments,  along  them.  As  the  slopes  will  be  pro- 
tected by  the  forests  and  undergrowth,  the  other  places  remaining 
where  strong  erosion  will  be  possible  are  the  bare  spots  and  smaller 
streams  on  the  higher  hills;  but  there  the  rock  is  known  to  be  harder, 
the  alluvial  soil  thinner,  the  rainfall  lighter,  and  the  run-off  less 
voluminous — conditions  which  will  combine  to  reduce  erosion. 

II. — The  Porosity  of  the  New  Silt. — Lake  Gatun's  bed  will  have  per- 
haps 100  sq.  miles  of  more  or  less  submerged  lake  forests,  in  different 
conditions  of  growth.  There  will  be  from  these  forests  a  constant 
supply  of  dead  leaves  and  other  detritus  which  will  be  carried  by 
freshets  and  intermixed  with  whatever  silt  may  come  from  the  hills 
above.  This  semi-vegetal  silt,  when  water-soaked,  will  deposit  in  the 
lake,  in  a  black,  putrid  mass,  light  and  porous,  in  which  measuring 
sticks  will  sink  beyond  reach.  Such  forest  silt  or  mud  is  not  im- 
pervious, and  will  not  affect  direct  percolation.  In  that  mud,  the  air 
entrained  by  the  dead  leaves  will  help  fermentation  during  the  dry 
season ;  this  will  add  much  to  the  offensiveness  of  the  lake  and  increase 
the  temperature  of  its  water,  thus  indirectly  facilitating  again  more 
loss  by  percolation. 

Inefficiency  of  Natural  Silting. — Experience  in  Holland  and  Italy 
has  proved  that  natural  silting — colmatage — does  not  create  impervious 
strata.  It  has  also  proven  in  canals  and  reservoirs  that  very  often 
natural  sedimentation,  even  when  helped  artificially  with  the  best 
clays,  is  not  always  reliable. 

When  it  is  deposited  after  heavy,  sudden  tropical  freshets,  it  gen- 


discussion:  water  supply  for  panama  canal  173 

erally  carries  so  much  of  other  organic  materials  that  its  accumulation      Mr. 
under   the  conditions   probable   at   Gatun   will   not   ajffect  very   much  ^^^''^'^o- 
the  permeability  of  the  reservoir,  and,  it  seems  to  the  writer,  not  enough 
to  prevent  percolation  under  the  high  head  that  will  rule  on  that  basin. 

If,  instead  of  raising  the  lake  85  ft.,  it  were  lowered  50  ft.,  and  re- 
moved 85  miles  toward  the  ocean  and — left  there,  the  conditions  would 
be  different. 

Origin  and  Quantity  of  Silt. — The  solid  matters  removed  from  a 
drainage  basin  by  freshets  and  run-off  can  be  classified  under  three 
headings,  namely:  soluble  matter,  insoluble  matter,  and  coarse  sedi- 
ment. 

A. — The  soluble  matter  of  all  kinds,  dissolved  by  the  water  during 
its  passage  through  the  ground  by  seepage,  or  dissolved  during  the  rains. 
This  "washing"  of  the  soil  is  the  most  important  cause  of  denudation, 
as  it  is  the  one  that  carries  away — slowly,  but  persistently — the  largest 
amount  of  solid  matter  from  any  normal  drainage  basin.  Its  intensity 
depends  on  a  multitude  of  conditions :  chemical,  geological,  topographi- 
cal, meteorological,  physical,  etc.;  on  the  state  of  cultivation,  the  pro- 
portion of  forests,  of  bare  soils,  etc.,  etc.  The  amount  of  solid  matter 
taken  from  the  soil  by  solution  and  carried  away  to  the  ocean  by 
rivers  or  by  percolation,  may  vary  from  20  to  200  tons  per  sq.  mile 
per  year  under  usual  average  conditions.  In  some  localities  it  may  reach 
300  and  400  tons  per  sq.  mile  per  year.  None  of  this  matter  produces 
any  silting. 

B. — The  insoluble  and  very  fine  sediment  carried  by  freshets,  and 
remaining  in  suspension  for  some  hours  in  the  run-off  water.  This 
is  the  fine  material  that  gives  color  to  flood  waters,  and  is  carried  for 
miles  into  the  ocean,  for  example,  by  the  Mississippi,  the  Amazon,  the 
Orinoco,  and  the  Ganges. 

Contrary  to  general  belief,  the  amount  of  solid  matter  removed 
during  the  year  by  this  process  is  considerably  less  than  by  solution. 
In  some  cases  it  is  less  than  1%,  up  to  about  10%,  of  total  material 
removed. 

This  very  fine,  suspended  matter  would  be,  when  deposited,  the  most 
effective  against  seepage,  being  generally  composed  of  the  finest  and 
most  plastic  clays;  but,  on  account  of  its  tenuity,  and  the  long  time 
it  takes  to  settle,  much  of  that  which  enters  Lake  Gatun  will  be  carried 
over  the  spillways  during  freshets,  and  only  a  very  small  fraction  of 
an  inch  will  be  deposited  every  year.  It  has  been  calculated  that,  in 
the  Great  Lakes,  it  will  take  200  000  years  to  deposit  1  in.  of  fine  silt 
on  the  bottom. 

If  the  catchment  basin  of  Lake  Gatun  were  not  almost  completely 
covered  with  vegetation,  and  thus  well  protected  against  surface 
erosion,  it  would  take,  under  the  worst  conditions,  about  96  years  to 
deposit  1  in.  of  this  fine  silt  over  its  whole  bed. 
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Mr.  In  Lake  Gatun,  this  fine  sediment  will  be  mixed  with  the  litter  of 

Sorzanu.  ^^^^  leaves  and  other  organic  matter,  which  will  make  the  deposit  light 
and  porous.  If  the  density  of  natural  soil  (weighing  165  lb.  per  cu.  ft.) 
is  taken  as  1,  fine  silt,  as  deposited  in  lakes,  rarely  reaches  a  density  of 
0.40  or  0.50.  In  tropical  countries  the  lake  muds,  on  account  of  the 
organic  matters  they  contain,  very  often  show  less  than  0.20  density. 
A  foot  or  two  of  such  light  silt  will  not  have  much  influence  on  percola- 
tion and  seepage. 

C. — The  coarse  sediment  carried  only  by  surface  run-off  during  heavy 
rains  and  freshets.  On  the  Gatun  Basin,  where  all  the  ground — when 
not  rock — is  covered  with  dense  vegetation,  either  grass  or  forest, 
and  consequently  well  protected,  the  only  important  erosion  possible  is 
at  the  embankments,  and  beds  of  the  streams.  It  is  known,  however,  that 
on  the  hills,  where  the  alluvial  strata  are  thinner,  the  beds  more  rocky, 
the  streams  narrower,  and  the  volume  of  freshets  less — particularly 
in  the  streams  which  have  been  shortened  by  raising  the  lake  level — 
the  total  amount  of  erosion  will  be  less. 

In  suspended  matter  of  a  given  density,  the  weight  being  propor- 
tional to  "the  cube"  and  the  resistance  to  motion  to  "the  square,"  sedi- 
ment of  large  dimensions  will  settle  more  quickly  than  fine  sediment. 
For  this  reason,  the  coarser  silt  will  deposit  at  the  entrance  of  the 
streams  into  the  lake,  and  the  less  coarse  material  will  be  carried  for 
a  short  distance  and  settle  in  the  channels,  forming  the  usual  bars. 
These  may  have  a  thickness  of  5  or  10  ft.,  or  even  more,  in  spots,  and 
islets,  but  not  all  over,  and  as  the  very  fine  material  has  been  washed 
out  from  this  coarse  sediment,  what  remains  will  be  pervious  and  not 
to  be  relied  on  to  prevent  normal  seepage,  and  will  not  affect  percola- 
tion to  a  measurable  extent,  if  at  all. 

Lock  Dimensions. 

The  lock  calculations  were  based  on  the  dimensions  shown  on  the 
blue  prints  submitted  to  the  Committee  of  the  Chamber  of  Commerce, 
in  March,  1909. 

In  those  plans  the  locks  were  shown  as  divided,  by  intermediate 
gates,  into  two  sections  of  600  and  400  ft.,  to  which  must  be  added  the 
extra  length  for  safety  appliances,  and,  on  the  upper  locks,  a  rolling, 
safety  gate,  the  wall  recess  of  which  will  add  about  45  ft.  to  the  length 
of  the  water  prism. 

After  the  accident  in  the  Sault  Ste.  Marie  lock,  on  June  9th,  1909, 
this  rolling,  safety  gate  was  abandoned,  and  guard  chains  were  substi- 
tuted. It  seems,  also,  that,  since  then,  the  lifts  at  Miraflores  and  at 
Gatun  have  been  decreased,  in  order  to  permit  the  utilization  of  the 
intermediate  gates. 

These  changes  will  affect  somewhat,  and  diminish,  the  volume  of 
water  per  lockful;  not  enough,  however,  to  modify  to  any  extent  the 
main  question,  the  draft  in  the  lake. 
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The  writer  observes,  also,  with  amazement  that  the  lock  sections  Mr. 
will  be  now,  according  to  Colonel  Hodges,  350  and  550  ft.,  instead  of  ®''^*°^- 
400  to  600  ft.  They  will  be  then  100  ft.  shorter.  To  pass  the  1  000-ft. 
vessels,  specified  by  Congress,  the  inner  gates  must  be  kept  open,  leaving 
only  one  gate  between  the  ship  and  the  lake,  thus  eliminating  one  of 
the  double  safety  appliances,  which  were  so  much  heralded  when  the 
accidents  happened  in  1909,  in  the  Sault  Ste.  Marie  and  in  the  Poe 
locks. 

This  shortening  of  the  locks  also  reduces  considerably  the  clearance 
between  the  ends  of  the  ships  and  the  gates,  during  lockage. 

Displacement  of  Vessels. — There  is  not  a  single  word  in  the  paper 
to  warrant  Colonel  Hodges  in  insinuating  that  the  writer — in  present- 
ing the  explanatory  formula  to  emphasize  the  effect  of  the  condition 
of  the  lock  at  the  arrival  of  a  ship — was  not  aware  that  the  displace- 
ment of  boats  has  no  influence  on  water  consumption.  That  blunder 
was  perpetrated  in  a  Lock  Canal  paper  published  in  New  York  in 
May,  1909.  Letters  by  the  writer  at  that  time  and  on  that  occasion, 
prove  that  the  remark  by  Colonel  Hodges  was  unnecessary,  at  least  as 
far  as  the  writer  is  concerned. 

If  intermediate  gates  are  not  used,  it  will  take  the  same  quantity 
of  water  to  pass  through  the  canal  a  10-f  t.  naphtha  launch  as  a  30  000- 
ton  battleship.  Perhaps  a  little  less  care  would  be  needed  for  one  and  a 
few  more  strong  words  for  the  other,  but  the  exasperating  number  of 
valves  and  gates  to  be  operated  is  the  same.  This  has  been  one  of  the 
arguments  used  so  often  by  the  writer  during  the  past  year,  to  show 
how  the  cost  and  exertions  in  the  Lock  Canal  will  not  be  propor- 
tionate to  the  results   obtained. 

Intermediate  Gates. — It  was  after  having  read  last  year,  in  two 
pamphlets  (by  Colonel  Hodges  and  General  Abbot)  the  ''menu'  of  the 
complicated  maneuvers  necessary  in  order  to  utilize  the  intermediate 
gates  in  the  Gatun  locks;  it  was  after  mature  consideration  of  the 
human  equation  in  connection  with  a  "day-and-night-and-forever" 
operation  of  the  locks,  that  the  writer  decided  to  assume  in  his  calcula- 
tions, that,  after  some  time,  the  intermediate  gates  will  not  be  used  in 
the  Lock  Canal,  even  if  they  are  ever  used  in  the  beginning. 

Colonel  Hodges'  system  of  utilizing  the  intermediate  gates  at 
Gatun  is  remarkable,  inasmuch  as  it  alters  the  basic  conditions  under 
which  the  locks  are  to  be  operated — the  continuous  use  of  the  locks 
by  vessels  following  each  other  in  each  chamber — and  leaves  out  the 
most  important  part  of  the  proposition — the  draft  in  the  locks  when 
saving  water. 

Colonel  Hodges  transforms  the  3-flight  locks  at  Gatun  into  a  system 
of  2-flight  locks,  separated  from  a  single-flight  lock  by  a  short  canal, 
formed  by  the  two  inside  sections  used  as  an  intermediate  basin.  To 
do  this,   the  locks   cannot  be   used   in   uninterrupted   succession — one 
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Mr.  vessel  following  the  other  in  each  lock  chamber.  To  do  it,  an  empty 
Sorzano.  g^^^-^^  ^^^^  j^g  j^^p^  either  ahead  or  behind  each  passing  vessel,  and 
all  the  craft  must  be  of  the  same  convenient  small  size.  If  they  are 
not,  he  may  lose  with  one  large  vessel  what  he  gained  on  the  others; 
if  they  arrive  in  mixed  sizes,  the  complication  of  orders,  signals, 
maneuvers,  thinking,  and  what  not,  will  be  beyond  what  can  be 
inflicted  on  a  human  being  in  that  enervating  climate. 

In  his  very  clever,  but  quite  misleading  algebraic  demonstration, 
Colonel  Hodges  does  not  say: 

7. — In  how  much  he  will  reduce  the  available  draft  in  the  locks 
when  dividing  the  contents  of  one  full  section  into  the  other  two 
empty  ones. 

This  is  important,  if  it  be  remembered  that  the  commercial,  small 
ships  will  have  at  least  25  or  26  ft.  draft,  and  that  a  battleship  that 
will  fit  in  the  smallest  lock  section  may  draw  from  27  to  30  ft.  in  the 
fresh  water  of  the  locks. 

//. — In  how  much  he  will  reduce  the  capacity  of  the  Canal  by  the 
boats  not  following  each  other  in  each  section,  when  using  the  inter- 
mediate gates;  and  by  his  hazardous  assumption  that  80%  of  the 
vessels  arriving  at  the  Canal  in  the  future  will  be  small  enough  to  use 
the  intermediate  gates. 

IIL — He  does  not  give,  even  with  reasonable  approximation,  the 
saving,  if  vessels  of  different  sizes  should  demand  passage  in  irregular 
order,  and  what  would  happen  if  they  modify  their  order  while  passing 
each  other  in  the  lake. 

IV. — Colonel  Hodges  does  not  say  what  the  vessels  in  the  twin 
locks  will  be  doing,  while  he  is  borrowing  water  from  one  side  to  save 
water  in  the  other,  and  to  what  extent  this  will  add  to  the  complicated 
maneuvers;  and,  after  all  this  is  done,  how  much  will  be  the  saving  if 
the  other  lock  also  borrows  water. 

V. — Colonel  Hodges  does  not  give  a  thought  to  the  number  of 
regulations,  orders,  instructions,  signals,  and  maneuvers,  and  to  the 
fastening  and  unfastening,  tightening  and  unwarping  of  mooring  lines, 
cables,  guard  chains,  opening  and  closing  of  gates,  valves,  etc.,  etc., 
that  will  be  indispensable  to  carry  out  his  elaborate  water-economizing 
plans. 

For  it  must  be  remembered  that  while  this  is  going  on  in  the  locks, 
the  other  vessels  on  the  approaches — in  order  to  resist  the  swift  currents 
produced  by  the  emptying  of  the  locks — must  be  also  warped  in  place  by 
several  mooring  lines  on  each  side;  they  must  be  advanced  step  by 
step  at  each  lockful,  fastened  and  unfastened,  stopped  and  started,  and 
this  all  over  again,  as  they  approach  the  goal.  They  must  advance  at 
slow  speed;  they  must  each  time  come  to  a  dead  stop  and  to  the  mark, 
close  to  the  gates.  Any  misunderstanding  of  orders  means  an  accident. 
All  that,  by  capstans,  electric  motors,  and  by  signaling  at  great  dis- 
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tances,  to  several  boats  down  between  huge  walls ;  all  that  by  day  and  ^  Mr. 
night,  rain  or  shine,  every  2  minutes,  forever.     All  that  to  save  15  or  ^°^^^°*'- 
20%  of  water! 

The  admission  alone,  by  Colonel  Hodges,  that  our  naval  and  com- 
mercial ships  will  have  to  submit  to  such  intricate  maneuvers,  to  save 
that  small  quantity  of  water,  is  the  most  irrefutable  proof  that  there  is 
great  scarcity  of  water;  that  the  original  amount  is  insufficient  to  main- 
tain the  draft  necessary  for  convenient  and  unrestricted  navigation. 

If  American  engineers,  in  an  American  canal,  do  not  simplify  that 
system  and  use  full  locks,  crowding  in  them  the  vessels  as  they  appear, 
it  will  be  indeed  because  there  is  not  enough  water  with  which 
to  do  it. 

Lochs  at  St.  Mary's  Falls. — The  conditions  in  the  locks  cited  by 
Colonel  Hodges  are  not  similar  to  those  which  will  rule  at  Panama. 

On  the  Great  Lakes,  all  the  vessels  are  getting  to  be  of  the  same 
size,  with  a  common  well-known  draft  of  not  more  than  20  ft. — 
limited  by  the  Lakes.  There  are  three  single  locks  of  different  lengths ;' 
the  vessels  classify  themselves,  selecting  the  lock  according  to  their 
dimensions — or,  where  the  quickest  chance  of  admission  is  seen.  They 
move  freely  by  their  own  power;  any  delay  in  one  only  gives  an 
opportunity  to  the  others  to  get  ahead. 

In  Panama  the  vessels  will  have  to  follow  each  other  in  single  file, 
and  will  be  moved  by  outside  mechanisms.  Any  interruption  or  delay 
in  one  will  be  carried  all  over  the  line. 

At  the  Falls,  the  lift  does  not  exceed  20  ft.,  no  intermediate  gates 
are  used,  no  double  gates,  no  extra  safety  appliances,  no  capstan  trac- 
tion, no  long-distance  signaling.  The  installation  is  the  simplest 
imaginable,  as  it  ought  to  be,  in  order  to  reduce  the  inconveniences  of 
a  lock  to  a  minimum. 

In  those  locks,  no  economy  of  water  is  needed,  the  supply  being 
almost  unlimited.  The  maneuvers  are  the  simplest,  the  captains,  being 
"regular  commuters,"  are  familiar  with  the  conditions;  they  enter  the 
lock  as  soon  as  possible  and  move  ahead  to  get  out  as  soon  as  they  can. 
Even  the  construction  of  those  semi-barges,  loaded  with  ore  and  other 
cheap  cargoes,  facilitates  such  service. 

On  the  Isthmus,  on  the  contrary,  the  ships  will  be  of  all  dimensions, 
conditions,  and  nationalities;  many  of  the  navigators  will  be  un- 
familiar with  the  surroundings,  with  the  regulations,  and  with  the 
language.  The  canal  pilots,  also,  will  not  be  familiar  with  the  dimen- 
sions and  steering  qualities  of  the  craft.  Battleships  of  short  length, 
extra  draft,  and  great  weight  will  demand  extra  care.  The  bumps 
that  a  lake  barge  loaded  with  lumber  would  receive  as  a  matter  of 
course,  may  cause  serious  damage  to  a  Dreadnought. 

The  time  and  care  for  lockage  will  be  increased  in  proportion  to 
those  difficulties.  Any  additional  complications,  only  to  save  water, 
should  be  avoided. 
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Mr.  Colonel   Hodges,    in   speaking   of    the   Lakes,    says:     "Methods    of 

Sorzano.  carriage  on  the  Upper  Lakes  have  changed  since  then,  the  large  single 

vessel  having  come  to  the  front."     Colonel  Hodges,  in  a  few  years, 

when  writing  about  his   admirable  work  on  the  Isthmus,  may  have 

to  say: 

"The  large  single  vessel  prophesied  by  Sorzano  is  coming  to  the 
front." 

Hydro-Electric  Plants. 

When  the  Lock  Canal  is  in  operation,  much  power  will  be  used  on 
the  Isthmus,  not  only  to  operate  the  locks  and  light  the  waterway,  but 
to  supply  electricity  to  that  region.  More  than  50  000  h.p.  will  soon 
be  needed  for  the  fortifications,  the  Panama  Kailroad,  the  industrial 
plants,  the  old  cities,  the  new  ones,  for  the  pumping  stations,  the 
machine  shops,  cold-storage  plants,  coal  yards,  and  for  the  thousand  and 
one  uses  for  which  electricity  has  no  equal.  With  the  Sea  Level  Canal, 
all  this  electrical  energy  would  have  been  obtained,  at  a  profit,  from 
the  Gamboa  Dam,  and,  at  the  same  time,  controlling  the  Chagres 
Kiver.  Additional  hydro-electric  plants  could  also  be  installed,  if 
needed,  on  the  various  other  cascades  in  the  Zone,  and  in  thus  utilizing, 
at  a  profit,  great  natural  resources  while  regulating  those  streams, 
the  surplus  water  could  be  freely  used  for  irrigation,  and  for  other 
agricultural  and  industrial  purposes,  and  thus  contribute  to  the  in- 
evitable development  and  great  productiveness  in  that  region. 

With  the  Lock  Canal,  according  to  Colonel  Hodges,  none  of  the 
water  gathered  in  that  1  320-sq.  mile  basin  can  be  used  except  for 
lockage,  and  all  the  power  to  be  consumed  on  the  Isthmus  must  be 
■  obtained  by  steam,  with  either  coal  or  oil  as  fuel. 

It  was  when  comparing  the  difference  in  cost  of  operation  of  the  two 
systems  that  the  writer  charged  to  the  Lock  Canal  the  cost  of  pro- 
ducing the  needed  electrical  energy  by  steam  and  credited  the  sea-level 
waterway  with  the  profits  of  its  "white  coal." 

This  was  objected  to  by  the  Lock  Canal  advocates  on  the  ground 
that  6  000  or  7  000  h.p.  hydro-electric  plants  would  be  installed  on  the 
lake  at  Gatun,  to  produce  that  energy. 

The  writer,  without  believing  that  such  a  thing  would  be  done,  or 
even  half  of  it,  had  to  admit  those  figures — at  least  to  prove  their 
fallacy.  Hence  the  two  amounts  entered  in  halves  under  the  hydro- 
electric clause.  It  will  be  noticed  that  it  is  the  only  item  that  has 
been  considered  in  halves.  The  writer  was  so  sure  that  the  supply 
of  water  would  not  permit  such  installations  that  he  anticipated  that 
alternative.  He  is  gratified  now  to  see  that  the  hydro-electric  plants 
will  be  of  2  000  h.p.,  and  this  only  during  the  rainy  season. 

He  can  now  place  the  original  figures  of  comparative  cost  where 
they  belong.    Lie  is,  though,  amazed  at  the  facility  with  which  Colonel 
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Hodges,  in  discussing  these  matters,  can  shift  from  water  power  to     Mr. 
steam   power,   without   giving   a   thought   to   the    annual    cost,    in    a^°^^^^°' 
country  where  coal  costs  $6.36   a  ton,   and  oil  $1.20   a  barrel.     The 
difference  amounts  to  millions. 

Cost  of  Saving  Water. 
I. — By    the    Destruction    of     Water    Power. — Every    horse-power 
obtained   from    a   dam    and   delivered    anywhere   on    the   Isthmus    in 
the   shape  of   electrical   energy,    corresponds   to   an   actual   saving   of 
1  X  ^  X  24  X  365,  or  17.52  tons  of  coal  per  year. 

In  the  Canal  Zone  coal  costs  $6.36  per  ton.*  Neglecting  all  the 
economies  in  general  and  local  expenses,  and  the  advantages  of  elec- 
tricity, etc.,  and  figuring  on  coal  only,  the  saving  on  one  hydro-electric 
horse-power  will  be  per  year: 

Coal  only :  17.52  tons  at  $6.36 \ $111.43 

Deduct,  for  any  possible  cost  of  distribution, 
above  similar  expenses  in  steam  plants  (the 
contrary  being  probable) 11.43 

Net  saving  per  horse-power  per  year $100.00 

Without  penetrating  too  far  into  the  possibilities  of  the  future,  and 
assuming  the  utilization  of  only  20  000  h.p.  (for  the  Panama  Railroad; 
the  coaling  stations,  forts,  pumping  stations,  lighting  the  cities  and 
Canal,  the  harbors,  the  small  towns,  and  their  small  industries),  the 
net  annual  saving  on  coal  only  will  be  $2  000  000. 

At  the  2%  rate  of  the  Panama  Canal  bonds,  this  perpetual  annual 
saving  corresponds  to  a  saving  in  value  of  $100  000  000,  to  be  charged 
against  the  Lock  Canal  for  destruction  of  water  power  only. 

//. — By  the  Destruction  of  Lands. — Whatever  may  be  the  purpose 
for  which  land  is  considered,  the  possibility  of  using  water  adds  much 
to  its  value.  Any  restriction  or  prohibition  as  to  utilizing  the  streams 
makes  the  land  valueless,  particularly  in  the  torrid  zone. 

In  many  parts  of  the  United  States  sage  brush  without  water  is 
not  worth  $0.50  per  acre;  with  water  rights  it  will  sell  at  $25.  In 
Southern  California  good  land  without  water  can  be  purchased  at  $5 
per  acre;  land  of  the  same  quality,  similarly  situated,  but  with  water 
rights,  is  worth  $150  per  acre;  and  if  under  citrus  fruit  production  its 
value  may  exceed  $1  000. 

In  the  tropics,  lands  near  lines  of  communication  have  compara- 
tively high  prices,  on  account  of  the  great  profits  possible  if  put  under 
cultivation.  Very  few  tropical  cultures  will  yield  less  than  $50  net 
per  acre  per  year.  Coffee,  cacao,  alligator  pears,  pineapples,  vanilla, 
citrus  fruits,  rubber,  and  any  truck  gardening  will  net  more  than  $75  per 
acre  under  usual  conditions,  and  considerably  more  in  favorable  cases. 
*Report,  Isthmian  Canal  Commission,  1908,  p.  40. 
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Mr.  In  Cuba,  Porto  Eico,  Hawaii,  etc.,  lands  near  railroads  sell  at  from 

Sorzano.  ^^^  ^^  ^^^^  ^^^  ^^^^^  ^^^  Sometimes  rent  for  those  figures  per  year. 

On  the  Isthmus,  land  will  offer  conditions  not  to  be  found  anywhere 
else  in  the  tropics,  as  to  peace,  political  security,  sanitary  conditions, 
immediate  proximity  to  a  railroad  and  to  large  cities,  on  an  interna- 
tional canal  where  vessels  coming  from  all  distances  will  be  the  perma- 
nent market  for  fresh  vegetables,  tropical  fruits,  dairy  products,  etc. 

With  such  favorable  elements,  it  is  to  be  expected  that  even  the 
poorest  lands  of  the  Canal  Zone  will  acquire  a  high  value,  comparable 
only  to  what  is  obtained  in  Cuba,  near  Havana.  Under  the  circum- 
stances, an  average  of  $50  per  acre  would  be  low  for  agricultural  lands, 
and  considerably  more  could  be  obtained  for  building  lots  near  the  rail- 
road and  waterway. 

"The  United  States  Government  has  paid  in  the  Canal  Zone  as 
much  as  $1  345,  gold,  per  acre  for  lots  near  the  Canal,  by  t^ppraisal 
made  by  American  appraisers,  men  of  high  character  selecteil  by  the 
Secretary  of  War."* 

And  "the  rates  charged  for  rental  of  building  lots  in  town  vary 
from  $202.34  to  $1  214.04,  gold,  per  acre  per  year."t 

The  remnant  of  the  catchment  basin,  after  filling  Lake  Gatun,  will 
have  704  000  acres.  A  net  area  of  600  000  acres  at  $30  will  represent 
$18  000  000.  ' 

If,  instead  of  selling  the  land,  it  is  rented  at  only  $10  an  acre, 
the  annual  income  on  600  000  acres  would  be  $6  000  000,  which,  at  2J%, 
is  equivalent  to  a  capital  of  $240  000  000  in  gold. 

This  does  not  include  the  income  from  town  lots,  nor  the  other 
benefits  from  taxation,  development  of  the  country,  commerce,  etc. 
It  does  not  include  the  losses  on  the  lands  destroyed  by  Lake  Gatun. 
If,  according  to  Colonel  Hodges,  these  704  000  acres  cannot  be  per- 
mitted to  use  200  cu.  ft.  per  sec.  of  water  for  all  their  agricultural  and 
industrial  needs;  if  it  "will  be  a  very  simple  matter  for  the  Govern- 
ment to  stop  any  draft  of  water  should  it  be  found  desirable,"  as  he 
says,  these  704  000  acres  of  land  will  be  uninhabitable  and  useless; 
they  will  be  no  more  valuable  than  so  much  sage  brush,  and  not  worth 
$1  an  acre. 

The  losses  due  to  the  non-utilization  of  water-power  and  of  land 
may  be  thus  summarized: 

Income.  Capital. 
I. — To    save    hydro-electric    water    con- 
sumption, coal  only,  net $2  000  000     $100  000  000 

IT. — To  save  "miscellaneous"  consump- 
tion on  catchment  basin,  agricultural 
only,  if  sold,  $18  000  000;  if  rented.   6  000  000       240  000  000 

Totals $8  000  000     $340  000  000 

*Report,  Isthmian  Canal  Commission,  1908,  p.  847. 
t  Hearings,  January  Gth,  1909,  p.  80. 


discussion:  water  supply  pou  pai^ama  canal  181 

These    are    only    round    figures.      An    itemized    account,    including      Mr. 
building  lots,  and  land  losses  under  Gatun  Lake,  shows  much  heavier   °''^^'^*'- 
loss. 

The  above  amounts  are  sufficient,  here,  to  give  an  idea  of  what  this 
nation  will  sacrifice  to  save  a  few  inches  of  depth  in  Lake  Gatun, 
during  the  dry  season  only. 

If,  to  save  240  cu.  ft.  per  sec,  this  nation  has  to  lose  $340  000  000, 
each  cubic  foot  per  second  will  cost  $1  400  000. 

There  must  be  scarcity  of  water,  indeed,  when  we  are  compelled 
to  pay  $1  400  00  per  cubic  foot  per  second;  $340  000  000  to  save  0.06  in. 
per  day  on  the  lake. 

Losses  at  Gates  and  Valves. 
Colonel  Hodges  says: 

"If  it  be  assumed  that  there  is  an  opening  g^  in.  wide  around  the 
meeting  faces  of  the  effective  gates  and  valves,  the  leakage  at  Gatun 
will  not  reach  half  the  amount  mentioned  by  Mr.  Sorzano." 

The  writer  agrees  with  that,  but  does  not  believe  that  the  enormous 
lock  doors  can  be  operated  within  a  sV-in.  fit  all  around. 

In  the  Lock  Canal  the  openings  will  be  110  by  80  ft. — more  than 
half  of  a  city  block  in  width,  and  the  full  height  of  a  7-story  building. 
Each  leaf  will  be  65  ft.  wide,  up  to  80  ft.  tall,  of  steel-sheeting  con- 
struction; each  leaf  will  weigh  640  tons,  and  will  hang  on  two  strong 
trunnions. 

These  huge  leaves  must  rest  against  each  other  on  the  center  line 
at  an  angle,  and  abut  against  the  quoins  on  each  wall.  For  each  gate 
the  total  length  of  joint  is  370  ft.  To  prevent  extra  leakage,  heavy 
greenheart  timbers  are  usually  bolted  on  the  seats,  to  seal  the  joints. 
As  it  is  impossible,  in  practice,  to  make  these  leaves  rest  evenly  on 
the  whole  370  ft.  of  joints,  they  are  generally  built,  as  it  is  called, 
''long,"  so  that,  after  having  been  worn  down  by  service,  and  at  the 
trunnions,  they  still  remain  long  enough  to  rest  against  each  other  on 
the  center  line  and  resist  the  pressure  of  the  water. 

These  "long"  leaves  do  not  touch  the  miter  sill,  on  its  whole  length 
in  the  bottom;  in  closing  the  gate,  one  leaf  rests  against  the  sill,  and 
the  other  on  the  vertical  edge  of  the  first  one,  at  a  distance  of  1  or  1 J  in, 
from  the  sill.  This  forms  at  the  foot  of  the  gate  a  triangular  passage 
]  or  11-  in.  at  one  end,  0  in.  at  the  other,  and  65  ft.  long,  measuring 
more  than  2.7859  ft.  clear  area  for  the  passage  of  water  at  the  bottom 
of  the  lock.  It  is  easy  to  calculate  the  quantity  of  water  that  will  pass 
through  that  opening  under  a  head  of  30  ft.,  or  at  any  other  average 
depth. 

As  the  trunnions  and  seats  wear  out,  the  leaves  may  reach  a  bet- 
ter fit,  but  only  to  pass  it  as  soon  as  attained.  At  no  time  can  these 
huge  doors  be  made  to  rest  evenly  all  around  the  370  ft.  of  contact,  or 
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Mr.  at  52  in.  from  it,  because  they  are  not  machine-faced,  unyielding  doors, 
Sorzano.  j^^j^^j  down  in  place,  but  elastic,  movable,  rectangular  steel  boxes, 
made  of  riveted  sheeting,  subject  to  a  diversity  of  ever-varying  strains; 
and  they  will  be  at  all  times  subject  to  variations  of  temperature. 
In  a  climate  where  the  thermal  difference  between  sunshine  and  shade 
is  from  30  to  40°,  expansion  and  contraction  on  a  double-sheathed  door 
65  by  80  ft.,  with  half  of  jits  length  under  water  and  the  other  half  in 
the  sun,  will  prevent  the  maintenance  of  any  uniform  fit,  if  it  could 
be  attained.  Moreover,  grit,  detritus,  dead  leaves,  floating  litter,  ir- 
regularity of  construction,  dents,  rust,  variations  in  the  wear  of  the 
trunnions,  pivots,  and  seats,  haste  in  closing  gates,  particularly  at 
night,  etc.,  all  these  elements  will  combine  in  practice  to  prevent  ideal 
conditions. 

Under  the  circumstances,  it  is  wise  to  make  allowance  for  emer- 
gencies, and  estimate  on  a  little  more  than  sV'i^-  V^^J- 

For  smaller  gates  and  smaller  locks  the  Board  of  Consulting  Engi- 
neers figured  at  the  rate  of  278  cu.  ft.  per  sec.  for  the  Gatun  locks.  The 
writer,  to  avoid  controversy,  used  the  same  figure,  adding  only  17  cu. 
ft.  per  sec.  to  compensate  for  the  larger  valves,  the  higher  lift  at 
Miraflores,  and  the  higher  temperature  of  the  water. 

Colonel  Hodges  has  not  made  any  allowance  for  these  increased 
items,  but  has  used  for  the  larger  valves,  the  figures  originally 
calculated  for  the  small  ones. 

In  connection  with  these  large  valves,  it  is  well  to  remember  that 
some  of  them  will  be  at  all  times  under  a  60-ft.  head.  Against  such 
pressure,  they  have  to  be  operated  quickly,  every  few  minutes — by 
machinery  acting  on  many  valves  at  a  time.  To  be  perfectly  tight,  all, 
and  every  one,  must  close  to  a  mathematical  fit;  any  irregularity  in 
the  wear  of  the  seats,  of  the  gear  or  of  the  spindles,  etc.,  will  modify 
that  theoretically  perfect  contact;  and  as  they  do  not  empty  in  the 
open,  where  any  leakage  could  be  observed,  one  or  more  valves  im- 
perfectly closed  while  passing  a  vessel,  may  be  losing  tons  of  water 
without  showing  signs  of  it,  the  outlets  for  such  leakage  being  for 
each  lock  chamber  65  openings,  3  ft.  lOJ  in.  in  diameter,  covered  by 
m.ore  than  13  ft.  of  water  always  in  violent  agitation. 

As  there  is  nothing  to  prevent  a  leaking  valve  from  operating,  it 
is  more  than  probable  that,  in  the  long  run — particularly  at  night — 
the  monotony  of  the  work  will  breed  neglect,  and  much  water  may  be 
continually  escaping  without  affecting  the  service,  and  without  being 
noticed. 

Under  the  circumstances,  the  12  cu.  ft.  per  sec.  allowed  by  the 
writer  would  seem  conservative  to  a  practical  engineer  desirous  of  pro- 
viding against  inevitable  "little  things." 

Losses  hy  Maintenance. — If  the  quantity  of  water  that  can  be  lost 
at  gates  and  valves  is  a  "matter  of  guesswork,"  to  provide  against  it  is 
a  matter  of  good  engineering  judgment. 


ii 
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If  Colonel  Hodges  has  a  sure  way  to  operate  a  system  costing  more  Mr. 
than  $80  000  000,  having  more  than  100  000  tons  of  metal  work,  the  ^'"''^^"^ 
greater  part  of  it  under  water,  with  innumerable  valves,  pipes  and 
chains,  miles  of  culverts,  driving  gears,  and  what  not,  all  under  the 
most  trying  conditions  of  perpetual  operation,  in  the  tropics,  and  has 
the  assurance  that  such  a  system  will  have  no  accidents  and  will  need  no 
repairs,  except  during  the  rainy  season,  or  at  his  convenience,  he  has 
indeed  a  "pull,"  that  no  other  man  ever  had  in  those  regions. 

It  is  just  because  light  repairs  can  be  carried  over  to  the  wet  season 
that  the  writer  believes  they  will  cause  such  a  loss  of  water.  If  a 
damaged  valve  could  be  repaired  at  once,  the  water  wasted  would  not 
be  worth  considering;  if,  on  account  of  necessities  of  the  service,  a 
disabled  valve  is  kept  in  that  condition  for  weeks,  until  the  beginning 
of  the  wet  season,  it  will  be  leaking  all  that  time.  If  any  of  the  nu- 
merous leather  packings  forming  the  seats  of  those  immense  valves  in 
the  locks,  should  be  damaged,  worn  out  or  need  replacement,  and,  if  this 
were  not  done  until  the  end  of  the  season,  the  loss  of  water  would  be 
serious. 

In  the  tropics  true  "wrought  iron,"  if  well  cared  for,  does  good 
service;  but  steelwork — particularly  in  or  near  water — has  no  lasting 
qualities.  To  those  who  are  not  prepared  for  it,  it  will  be  a  revelation 
to  see  how  rapidly  the  steel  plates  on  the  inside  of  the  air  chambers 
in  the  gates  will  rust,  particularly  if,  in  the  lake  forests,  there  is  a  cer- 
tain kind  of  tree  which  abounds  in  that  neighborhood. 

Water  Lost  hy  Accident. — To  the  thousand  and  one  accidents  men- 
tioned by  the  writer  must  be  added  the  one  that  happened  in  the  Poe 
Lock  after  the  paper  was  printed.  The  writer  had  only  said,  in  refer- 
ence to  such  accidents,  "they  may  happen."    They  did  happen. 

Colonel  Hodges  can  easily  ascertain  how  much  water  was  lost  in 
the  Sault  Ste.  Marie  accident  by  calculating  the  quantity  which  would 
flow  in  36  hours  through  an  opening  80  ft.  wide  and  20  ft.  deep  under 
a  permanent  head  of  20  ft.  That  will  be  more  accurate  than  informa- 
tion gathered  from  other  sources. 

Safety  Appliances  and  Towing  Devices. — When  discussing  (in 
April,  1909)  questions  in  regard  to  the  safety  devices  adopted  for  the 
locks,  the  writer  ventured  to  say  that  the  "rolling  gate"  shown  in  the 
plans  would  not  be  used,  and  could  not  be  relied  on  if  installed ;  that  it 
would  not  be  called  in  service  for  small  vessels,  and,  when  needed  for 
large  ones,  it  would  be  found  to  be  out  of  order,  or  with  its  tracks — 
in  the  wall  recess — clogged  with  silt,  dead  leaves,  and  gravel.  The 
reply  to  this  was :  "I  guess  we  can  afford  to  trust  in  the  engineers  we 
have  there."  The  year  is  not  yet  over,  and  that  rolling  safety-gate, 
which  was  going  to  prevent  all  kinds  of  accidents,  has  been  abandoned. 

Now,  the  writer  ventures  to  say  that  the  adopted  safety  system  of 
capstans,  cable-drives,  etc.,  to  move  all  vessels  in  and  out  of  the  locks,  is 
dangerous,  and  will  also  be  found  to  increase  considerably  the  compli- 
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Mr.  cations  and  risks  of  lock  operations,  particularly  when  working  "single- 
Sorzano.  ^^^^^■fj  Colonel  Hodges'  opinion  notwithstanding.  For  one  reason  or 
the  other,  that  complicated  and  annoying  system  of  manenvering  craft 
will  be,  sooner  or  later,  "side-tracked."  Colonel  Hodges  says  that  the 
working  of  a  double-track  traffic  momentarily  as  a  single-track  opera- 
tion will  "introduce  *  *  *  no  element  of  danger  not  present  in  the 
double-track  operation."  It  does  not  introduce  new  danger,  but  it 
increases  it.  Any  superintendent  of  traffic,  any  train  starter,  any  signal 
man,  will  admit  that. 

To  do  the  double  service  on  one  lock,  the  capstans  and  cable-drives, 
proposed  by  Colonel  Hodges  to  pull  the  vessels  going  one  way,  will 
have  to  "push"  those  going  the  other  way. 

Water  Economy. — The  writer  cannot  agree  with  Colonel  Hodges' 
ideas  of  100%  efficiency  in  the  operation  of  locks  within  their  strict 
lockage  volume,  nor  with  his  absolute  saving  of  water  during  the  opera- 
tion, maintenance,  repair,  and  renewals  in  the  lock  system,  at  all  times. 
In  a  canal  which  will  be  in  constant  service  day  and  night — and 
forever — under  all  aggravating  conditions  of  speed,  monotony  of  work, 
trying  climate,  etc.,  it  will  not  be  possible  to  maintain  a  high  standard 
of  water  economy  not  obtained  or  even  approached  anywhere  else.  Great 
economy  of  water  in  locks  is  very  much  like  saving  food  when  paring 
potatoes:  Any  professor  can  prove  how  thin  the  skin  is  and  how  easy 
it  is  to  peel  it  economically;  but  where  is  the  cook  who  will  do  it? 

As  soon  as  the  canal  begins  to  prove  its  success,  the  tendency  will 
be,  not  to  save  water,  but  to  break  records. 

Miscellaneous  Losses. — Colonel  Hodges,  in  discarding  absolutely  all 
the  miscellaneous  losses  mentioned  by  the  writer,  leaves  out  one  of 
the  most  important  elements  in  the  water-supply  problem.  Against 
his  undemonstrated  opinion,  the  writer  offers  the  following  figures : 
/. — Lake  Gatun  will  receive  all  the  run-off  from  the  1  320  sq.  miles 
of  the  catchment  basin.  No  additional  drainage  basin  is  available  for 
it  in  the  whole  Isthmus. 

//. — After  filling  Lake  Gatun,  there  will  remain  a  territory  of  1  200 
sq.  miles,  or  768  000  acres,  the  greater  part  of  it  extending  outside  of 
the  Canal  Zone. 

By  creating  that  lake,  the  Lock  Canal  engineers  will  obliterate 
from  the  map  more  than  180  000  acres  of  land,  which  is  extremely 
valuable  on  account  of  its  proximity  to  the  inter-oceanic  route,  and  its 
position  on  the  Panama  Railroad  between  two  large  international 
shipping  ports.  Such  land,  in  other  parts  of  the  tropics,  would  be 
worth  from  $33  to  $100  an  acre,  and  could  be  rented  for  agricultural, 
industrial,  and  dwelling  purposes  at  from  $10  to  $100  per  acre.  The 
loss  in  capital,  rental,  and  taxable  value  of  these  180  000  acres  is  a 
direct,  irremediable  loss  occasioned  by  Lake  Gatun. 

The  United  States  is  a  great  nation,  and  can  afford  such  a  waste; 
it  is  also  powerful,  and  can  do  what  it  pleases  on  the  Isthmus;  but  will 
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it  be  to  its  interest  to  annihilate  also  the  future  value  of  the  739  000     Mr. 
acres  of  land  remaining  in  that  catchment  basin  just  to  save  0.05  in.  of 
water  i)er  day  on  that  lake? 

Will  it  be  to  our  interest  (if  it  were  right)  to  prevent  the  develop- 
ment of  that  1  200  sq.  miles,  just  to  save  only  6  in.  of  draft  in  the 
lake  during  the  dry  season? 

Under  our  flag,  assured  of  peace  and  good  government,  in  close 
proximity  to  two  main  arteries  of  communications  between  two  con- 
tinents and  between  two  oceans,  that  land  would  soon  acquire  a  value 
comparable  only  to  that  of  the  best  districts  in  Cuba.  On  all  the  hills 
and  valleys  of  that  vast  tract  of  land,  tropical  plantations,  small  farms, 
ranches,  villages,  establishments  of  all  kinds,  would  soon  develop  under 
our  protection.  For  the  people,  their  farms,  their  cattle  and  their 
mills,  water  is  needed,  and  water  could  be  taken  anywhere,  freely, 
under  the  Sea-Level  Canal  plan. 

Under  the  Lock  Canal  plan  no  such  use  can  be  made  of  the  water 
without  draining  the  lake.  According  to  Colonel  Hodges:  "It  will  be 
a  very  simple  matter  for  the  Government  to  stop  any  draft  of  water 
should  it  be  found  desirable.  It  is  not  part  of  the  duty  of  the  Canal 
to  supply  them." 

And  all  that  to  save  6  in.  of  draft  during  the  whole  dry  season! 
After  such  admissions  it  is  almost  unnecessary  to  continue  to  prove 
insufficiency    of   water.      The   writer,    however,    has   to    show   how   he 
arrived  at  the  300  cu.  ft.  per  sec.  he  entered  in  the  tables,  which  will 
give  that  0.05  in.  of  depression  on  the  lake  per  day. 

The  figures  are  as  follows : 

Cubic  feet 
per  second. 

For  250  000   acres  in  plantations,   farms,   truck  gardening, 
orchards,   etc.,  partly   irrigated  during  the  dry  season, 


from  the  streams 12 


For  350  000  acres  in  grazing  pastures,  ranches,  dairies,  etc., 

and  the  live  stock 118 

For  139  000  acres  of  land  and  the  settlements  on  them ; 
villages,  summer  resorts,  mills,  hospitals,  schools,  bar- 
racks, fortifications,  canning  factories,  abattoirs,  gar- 
dens, lawns,  sprinkling  of  streets,  live  stock,  etc 50 

For  the  Panama  Railroad,  used  between  terminals,  for  loco- 
motives, stations,  about 1 

For  craft  on  the  lake:  The  water  of  Lake  Gatun  will  be 
so  loaded  with  organic  matter  and  so  uninviting  during 
the  dry  season  that  it  will  not  be  necessary  to  forbid  its 
general  use  by  passing  vessels;  but  some  will  be  used 
by  the  power-houses,  factories,  etc.,  and  by  condensers. .      1 

For  use  by  the  inhabitants  of  the  116  islands  in  the  lake,  the 

fishermen,  and  in  the  inland  harbor,  about 1 

For  the  losses  at  the  intermediate  section  and  at  Miraflores 
Lake.  Using  Colonel  Hodges'  evaporation  data,  the  2^ 
sq.  miles  of  water  surface  will  lose 14.90 
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-.  Cubic  feet 

_  ^^-  per  second. 

Sorzano.  t  ■  t    n        re  f\  Kd 

Border  elevation  and  ny-oli •_ ^'^^ 

Percolation,   seepage  through  embankments,   to   avoid  con- 
troversy, no  charge • Q-QQ 

Total  losses  for  the  1  320  sq.  miles 311.40 

Less  inflow  to  Lake  Miraflores : 
The  streams  that  will  empty  into  that  lake  yield  practically 
no  run-off  during  the  dry  season,  the  amount  being  in- 
sufficient for  the  towns  now.  The  writer  believes  that 
Balboa  will  develop  into  a  large,  prosperous  port,  con- 
suming more  water  than  Panama  uses  now,  and  that  an 
additional  supply  will  be  necessary. 
The  independent  sources  of  water  supply  for  Lake  Mira- 
flores do  not  amount  to  0.70  cu.  ft.  per  sec.  during  the 
dry  season.  It  was  gauged  below  the  lake,  opposite 
Kilometer  55.50  for  three  years,  1890-91-92,  and  gave 
the  following  dry-weather  discharge  for  four  months : 

January    1.48  cu.  ft.  per  sec. 

February 0.56    "      "      "      " 

March    0.39    "      "      "      " 

April    0.35    "      "      "      " 

Averaging  only  0.695  cu.  ft.  per  sec,  say 1.40 

Total  net  miscellaneous  losses 310.00 

The  writer,  to  facilitate  calculations,  used  only  300  cu.  ft.  per  sec. 

If,  to  save  that  small  quantity  of  water  every  year,  we  have  to 
prevent  forever  the  material  development  of  those  1  200  sq.  miles  of 
territory;  if  we  have  to  prevent  the  truck  gardener  from  watering  his 
plants,  the  cattle  from  drinking,  our  soldiers  from  bathing,  the  schools 
and  hospitals  from  washing  their  floors;  then,  indeed,  the  water  supply 
is  insufficient,  and  will  have  cost  us  too  much. 

Sea-Level  Water  Supply. — The  statement  made  by  Colonel  Hodges 
that,  with  the  Sea-Level  Canal,  the  vessels  to  get  water  would  have  to 
do  as  with  the  Lock  Canal,  is,  to  say  the  least,  astonishing.  In  all  the 
discussions  about  the  Sea-Level  Canal,  the  great  argument,  up  to  the 
present  time,  has  been  the  superabundance  of  water  in  all  directions, 
particularly  in  the  canal  prism. 

With  a  Sea-Level  Canal,  the  Gamboa  Reservoir  and  all  the  other 
streams  would  have  furnished  freely  and  in  abundance,  not  only  for 
the  vessels,  but  for  irrigation  and  for  all  other  demands,  all  the  year 
around,  on  the  whole  territory.  As  for  the  Sea-Level  Canal  itself, 
being  fed  at  both  ends  by  the  oceans,  its  supply  would  be  forever  un- 
limited and  free. 

Capacity  of  the  Canal. — In  resume,  it  may  be  said  that  the  figures 
given  by  Colonel  Hodges  are  based  on  unsupported  and  undemonstrated 
assumptions  or  opinions,  which  do  not  cover  the  margin  of  safety,  and 
have  not  the  accuracy,  that  a  question  of  this  importance  demands. 
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Colonel  Hodges  figures  on   a  replenishing  supply  of  1 190  cu.  ft.  ^  Mr. 
per  sec.  for  a  dry  year,  when  records  show  that  in  a  year  like  1908, '  '^^''^^'^^• 
the  quantity  would  not  be  900  cu.  ft.  per  sec.  as  things  are  now,  nor 
even  700  cu.  ft.  per  sec.  after  the  lake  is  filled. 

He  assumes  only  85  cu.  ft.  per  sec.  "for  seepage,  waste,  etc.,"  in  a 
lump,  when  any  one  of  these  items  may  exceed  that  total;  when 
General  Abbot,  the  Lock  Canal  authority  on  its  hydraulics,  figures  on 
154  cu.  ft.  per  sec.  for  one  of  the  items  only,  the  seepage. 

He  assumes  only  930  cu.  ft.  per  sec.  for  evaporation,  without 
allowing  any  amount  for  wind,  temperature,  increased  area  of  lake, 
or  evaporation  on  the  forests  and  borders,  when  the  most  conservative 
calculations,  corrected  for  the  Lake  Gatun  conditions,  give  a  loss  of 
1  668  cu.  ft.  per  sec. 

Colonel  Hodges  allows  nothing  for  normal  wastes  in  the  operation 
of  the  locks,  nor  for  repairs,  accidents,  usual  irregularities  of  service, 
false  maneuvers,  etc.  He  figures  throughout  on  100%  efficiency.  He 
allows  nothing  for  miscellaneous  losses  on  a  whole  territory  measuring 
1  320  sq.  miles,  nothing  for  the  agricultural,  industrial,  and  living 
necessities.  In  figuring  lockage  consumption,  he  uses  the  theoretical 
product  of  length  by  width  by  depth,  and,  to  make  the  amount  thus 
obtained  sufficient,  he  assumes  an  arbitrary  classification  of  the  vessels 
of  the  future,  relying  on  a  certain  percentage  of  small  craft  con- 
veniently sized  to  meet  the  scarcity  of  water — with  "some  squeezing" 
if  necessary. 

Fortunately,  Colonel  Hodges  very  kindly  gives  these  assumptions, 
as  he  says,  for  what  they  are  worth.  The  writer,  in  consequence,  will 
leave  it  to  the  reader  to  compute  their  value  and  accuracy  from  the 
standpoint  of  the  immense  interests  at  stake. 

In  reply  to  Mr.  Saville,  the  writer  again  calls  attention  to  the  fact 
that  in  preparing  this  paper,  he  made  an  effort  to  use  only  figures 
published  in  the  official  reports  of  the  Isthmian  Canal  Commission,  or 
adopted,  or  given  out  by  its  engineers,  in  the  official  documents,  par- 
ticularly in  the  report  of  the  Commission  for  1908 — the  last  issued  at 
the  time  the  paper  was  written. 

Mr.  Saville  has  had  an  experience  of  only  a  few  months  in  tropical 
countries.  The  writer  was  bom  and  raised  in  the  tropics;  his  life 
work  has  been  there,  in  a  branch  of  engineering  depending  to  a  great 
extent  on  meteorology,  geology,  and  hydrography.  After  40  years  of 
such  engineering  and  business  experience  in  these  countries,  it  has 
been  quite  interesting  to  him  to  read  Mr.  Saville's  statement:  "that 
knowledge  gained  solely  from  experience  there  [in  the  United  States] 
would  almost  inevitably  lead  astray  in  the  interpretation  of  Isthmian 
records." 

The  writer  cheerfully  concurs  in  that  statement. 
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Mr. 

Sorzano. 


Conditions  of  Meteorology. — The  meteorological  conditions  which 
Mr.  Saville  describes  so  clearly,  and  which  seem  to  him  so  remarkable, 
or  peculiar  to  the  Isthmus,  are  those  which  generally  prevail  in  tropical 
and  semi-tropical  countries :  Cuba,  Porto  Rico,  and  other  islands  in 
the  West  Indies,  Hawaii,  etc.,  etc.  In  those  islands  the  difference  in 
rainfall  between  the  leeward  and  the  windward  sides,  as  in  the  Canal 
Zone,  is  so  marked  that  plantations  only  a  few  miles  apart  have  to  be 
operated  under  totally  different  systems.  On  one  side  of  the  hills 
the  rainfall  is  abundant  and  amply  sufficient  for  all  the  needs  of  the 
crops;  on  the  other  slopes,  immense  sums  have  to  be  spent  to  secure 
and  store  the  water  necessary  for  crops  of  the  same  kind. 

Table  1,  to  which  Mr.  Saville  seems  to  object,  is  absolutely  correct 
and  complete  for  the  year  1907-08.  It  was  compiled  carefully  from  the 
weekly  and  monthly  reports  published  by  the  Engineers  of  the  Panama 
Canal  in  connection  with  their  shovel  work.  In  such  cases  the  ten- 
dency would  naturally  be  to  give  maximum  rainfalls,  but  the  writer 
had  no  doubt  that  the  figures  were  accurate.  They  have  now  proved 
to  be  absolutely  accurate. 

Table  22,  copied  from  the  Report  of  the  Isthmian  Canal  Commis- 
sion for  1909,  just  published,  gives  the  rainfall  for  1907-08. 

TABLE  22. — Inches  of  Rainfall  per  Month,  in  the  Culebra  and 
Chagres  Divisions,  for  the  Fiscal  Year,  1907-1908. 


Bas  Obispo  (or 
Chagres)  . 

Empire. 

Culebra. 

Wet. 

Dry. 

Wet. 

Dry. 

Wet. 

Dry. 

Julv.  1907 

8.25 
12.69 
14.71 
13.62 

9.85 

9.89 
11.24 
10.86 
15.44 
10.40 

9.31 
11.81 
11.38 
15.27 

6.91 

August.  1907 

September,  1907 

October,  1907 

November,  1907 

■'■2!26"'" 
0.20 
0.11 
0.41 
1.81 

December,  1907 

1,47 
0.75 
0  00 
0.41 
1.36 

2  30 

January,  1908 

0  91 

February,  190S 

0  01 

March,  1908 

0  13 

April,  1908 

1  67 

May,  1908 

13.18 
6.55 

12.91 

8.21 

12.43 

8.86 

June,  1908 

Total  amounts 

78.85 

4.79 
4.79 

78.95 

3.99 
3.99 

75.97 

5  02 

Writer's  figures,  in  Table  1 

5.02 

The  figures  in  Table  22  are  exactly  the  same  as  those  given  for  the 
dry  months  in  Table  1,  and  they  show  how  marked  the  5  lean  months  of 
the  dry  season  are,  when  compared  with  the  other  7  wet  months  of 
plenty.  Table  1,  however,  was  not  prepared  for  the  purpose  of  deter- 
mining the  available  water  supply,  but  only  to  show  at  a  glance  the 
difference  between  the  dry  and  wet  seasons,  in  a  "dry  year";  and  also 
their   relative   lengths.      In   that   table  the   writer   included    also   the 
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Rio  Grande  station,  to  show  the  dryness  of  that  section,  as  this  is  a      Mr. 
very  important  element  when  considering  the  water  budget  of  Lake  Sorzano. 
Miraflores,  and  of  the  streams  that  will  run  into  it. 

Any  loss  of  water  in  that  lake  by  evaporation,  percolation,  fly-off, 
etc.,  will  have  to  be  made  up  by  Lake  Gatun,  if,  as  is  the  case,  there 
are  no  other  sources  of  supply  in  that  drainage  basin,  during  the  dry 
season. 

There  was  certainly  more  good  reason  to  give  the  rainfall  at  Rio 
Grande*  than  that  of  the  Cristobal  station,  given  by  Mr.  Saville  in 
Table  14.  This  Cristobal  station  is  outside  of  the  catchment  basin 
for  Lake  Gatun,  and  located  where  rainfall  conditions — as  Mr.  Saville 
admits — are  very  different  from  those  prevailing  in  the  central  region, 
and  in  the  hills  from  which  Lake  Gatun  will  be  supplied,  particularly 
in  the  Alhajuela  region. 

Had  the  writer  entered  the  Alhajuela  figures  in  Table  1,  he  might 
have  been  accused  of  favoring  his  own  views  too  much,  for  Alhajuela 
station,  which  covers  the  greatest  area  (427  sq.  miles)  of  drainage 
basin,  represents  the  interior  section  where,  as  Mr.  Saville  says:  "the 
rainfall  is  very  much  less  ^  ^  ^  than  at  other  places  in  the  Chagres 
Basin." 

Table  11  shows  that  out  of  a  total  1  320  sq.  miles  of  basin,  the  in- 
terior sections  are: 

No.    1,    above   Alhajuela 427  sq.  miles 

No.  2,  between  Bohio  and  Alhajuela 352    "         " 

Nos.  3  and  4,  above  Lagartera  314 


U  (( 


Representing 1  093  sq.  miles 

of  "less  rainfall  section,"  on  a  total  of  1  320  sq.  miles. 

Average  Run-oif  and  Yearly  Averages. — The  serious  objection  to 
Mr.  Saville's  criticisms  is  that  he  quotes  and  gives  tables  of  "average 
rainfalls,"  "average  of  years,"  etc.;  for  example:  39  years  average  at 
Cristobal  (which  is  outside  of  Gatun  Lake  Basin,  in  the  heaviest  rain 
section  on  the  sea-shore,  and  far  from  the  region  of  normal  condi- 
tions) ;  26  years  average  at  Gamboa,  15  years  at  Bohio,  etc. 

In  studying  problems  of  scarcity  of  water  during  "the  dry  seasons 
of  dry  years,"  the  figures  showing  the  "grand  average  of  39  consecutive 
years"  are  not  relevant;  they  cannot  have  any  weight;  they  are  mis- 
leading, inaccurate,  and  dangerous.  It  will  not  help  the  scant  water 
supply  of  the  lake  in  a  year  like  1908,  when  the  total  inflow  was  only 
800  cu.  ft.  per  sec,  to  remember  that  2  years  before  it  was  2  600  cu.  ft. 
per  sec,  or  that  the  annual  average  of  36  years  is  5  788  cu.  ft.  per  sec 

*  Plate  83  of  the  Report  of  the  Isthmian  Canal  Commission  for  1909  shows  that  Rio 
Grande  Reservoir  is  inside  of  the  crest  line  for  Gatun  Lake.  Fig.  4  in  Mr.  Saville's  discus- 
sion shows  also  the  Rio  Grande  Reservoir  inside  of  the  outline  of  ihe  Chapjres  River  Drain- 
age Basin.  They  are  both  wrong.  The  1  320  sq.  miles  of  drainage  basin  given  by  Mr. 
Saville  include  the  Rio  Grande  Reservoir  Basin.  Previous  reports  of  the  Isthmian  Canal 
Commission  gave  the  total  basin  as  1  200  sq.  miles.    The  writer  computed  on  1  320  sq.  miles. 


190  discussion:  water  supply  for  Panama  canal 

Mr.  What  is  needed  in  the  "dry  season"  of  a  "dry  year"  is  water,  and 

orzano.  ^^^  ^^iq  figures  of  times  of  plenty,  as  given  by  past  records. 

If  the  question  of  depletion  of  a  reservoir  is  being  considered  seri- 
ously, it  would  seem  that  the  calculations  must  be  based,  not  on 
averages,  but  on  the  well-established  records  of  a  minimum  year.  Any 
other  method  would  be  as  dangerous  as  calculating  the  capacity  of  a 
spillway  on  figures  of  average  years,  instead  of  on  maximum  data. 

For  these  reasons,  the  writer  regrets  to  have  to  say  that  the  tables 
given  by  Mr.  Saville  have  not  the  value  that  could  be  expected  from 
such  a  high  authority. 

Location  of  Gatun  Lake. — Mr.  Saville  says :  "It  must  be  remem- 
bered that  nearly  three-quarters  of  the  total  lake  area  is  in  the  region 
exposed  to  the  heavy  precipitation  of  Gatun  and  Bohio." 

The  run-off  does  not  depend  on  the  lake  area,  but  on  the  area  of  the 
drainage  basin.  This,  according  to  Mr.  Saville,  is  1 320  sq.  miles. 
Lake  Gatun  is  165  sq.  miles,  three-quarters  of  it,  say  124  sq.  miles, 
being  in  the  region  of  heavy  precipitation.  This  leaves  1 196  sq.  miles 
of  catchment  basin  to  be  reached  by  the  clouds  after  they  are  greatly 
depleted — as  Mr.  Saville  says — and  for  that  reason,  1 196  sq.  miles  of 
diminished  rainfall  area,  an  important  fact  to  remember  when  con- 
sidering the  reduced  run-off  caused  by  filling  the  lake. 

Mr.  Saville,  in  quoting  the  writer  from  page  QQ,  "during  the 
3  to  5  months  of  ^dry  weather,'  the  rains  *  *  *  in  dry  years,"  left 
out  the  most  important  part  of  that  sentence,  its  last  three  words: 
"in  dry  years.". 

He  not  only  truncated  that  sentence,  but,  immediately  after,  gives 
Table  13,  showing,  not  the  figures  of  "dry  seasons  in  dry  years,"  but 
averages  of  4  years,  15  years,  etc.,  and  the  averages  for  years  of 
record,  selecting  those  of  maximum  rainfall,  giving  in  full  the  year 
1908-09,  in  which  the  dry-season  precipitation  was  the  highest  on 
record  for  40  years. 

In  Table  13,  are  shown  the  following  dry-season  rainfalls,  applica- 
ble to  the  larger  part  of  Gatun  Lake: 

At  Gatun,  1908-09 18.31  in.,  4  dry  months 

At  Trinidad  "       21.89    " 

At  Gatun   River        "       25.66    "  " 

At  Bohio  "       21.92    "  " 

This  is  an  average  of  21.94  in.  for  the  4  dry  months,  equivalent 
to  a  dry-season  run-off  (according  to  that  table)  of  23  258  cu.  ft.  per 
sec. 

How  will  calculations  based  on  23  258  cu.  ft.  per  sec,  stand  in  a 
lean  year  like  1903,  when  the  total  run-off  was  only  1 191  cu.  ft.  per 
sec.  (for  the  same  4  months)  ;  or  the  year  1907-08,  when  the  total 
discharge  (4  months)  was  less  than  900  cu.  ft.  per  sec? 
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It  is  indeed  unfortunate  that,   in  criticising  the  writer's  general      Mr. 
descriptive    statement    about    "the    dry    months    of    dry    years,"    Mr.  ^^^^^°°- 
Saville   (probably  under  extreme  pressure  of  active  business)   had  to 
use  figures  of  the  largest  rainfalls  on  record,  or  even  averages  includ- 
ing such  "rainiest"  years. 

The  writer  fully  sympathizes  with  Mr.  Saville  and  the  engineers 

on  the  Isthmus  about  "the  d d  wet  seasons,"  but  cannot  agree  with 

him  in  considering  "wet  weather"  a  season  when  the  rainfall  averages 
very  often  less  than  2  in.  per  month,  and  sometimes  less  than  0.68  in. 
per  month,  as  it  did  in  1908,  less  than  0.002  in.  per  day,  or  0.014  in. 
per  week — not  enough  to  make  up  in  one  week  for  one-tenth  of  one 
day's  minimum  evaporation. 

Neither  can  the  writer  agree  with  Mr.  Saville  as  to  the  length  of 
periods  between  dry  years,  which  he  gives  as  once  in  20  years,  for  he 
says:  "The  4  months'  discharge,  given  for  a  minimum  year  such  as 
may  occur  once  in  20  years,"  though  on  the  same  page,  a  few  lines 
above,  he  says :  "Previous  to  1908,  the  minimum  run-off  of  the  Chagres 
River  was  that  of  the  dry  season,  1903."  The  lapse  of  time  between 
the  "dry  year,  1903,"  and  the  "dry  year,  1908,"  is  5  years,  and  not  20 
years,  as  Mr.  Saville  inadvertently  states. 

An  analysis  of  the  rainfall  on  the  Isthmus  for  years  back  will 
show  that  the  ever-recurring  "dry  years" — like  the  extra  wet  years — 
come  at  periods  approximating  5  years  apart  rather  than  10  or  20 
years. 

Minimum  Year  Discharge. — Mr.  Saville  gives — without  specifying 
the  year — the  minimum  run-off  available  for  Lake  Gatun  during  the 
dry  months,  as  follows: 

3  months   930  cu.  ft.  per  sec. 

4  "         1191     "     "     "       " 

On  a  lake  having  an  area  of  160  sq.  miles  (average  of  Lake  Gatun 
at  average  height),  these  discharges  would  give  in  24  hours,  an  accre- 
tion, or  increase  of  depth  as  follows: 

3  months  at     930  cu.  ft.  per  sec.    =   0.2533  in.  per  day 

4  "         "  1191     "     "      "      "      =    0.3245    "      "       " 

which  is  almost  exactly  what  the  writer  calculated,  and  entered  in 
Tables  4  and  6,  as  follows: 

From  Table  4.  From  Table  6. 

1st  month  0.3466  in.  0.3466  in. 

2d        "  0.2118"  0.2127" 

3d        "  0.2790"  0.2884" 

4th       "  0.4810"  0.4895" 


Average  for  4  months,  dry  season.  .0.3296  in.  0.3343  in. 

These  figures  prove  that  the  writer  credited  the  lake  with  a  daily 
accretion  even  larger  than  called  for  by  Mr.  Saville's  figures.     They 
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Mr.  show  also,  incidentally,  the  extreme  accuracy  and  care  with  which 
'  the  writer's  figures  were  computed,  as  they  agree  almost  to  the  third 
decimal  place — on  the  safe  side — with  data  now  published  for  the 
first  time,  one  year  after  the  paper  was  written. 

This  lengthy  dissertation  about  minimum  run-offs  is  to  prove  that 
the  1  200  cu.  ft.  per  sec.  adopted  by  the  writer  in  his  calculations  for 
the  "dry  months  of  a  dry  year"  is  not  onlj''  reasonable  and  conserva- 
tive, but  on  the  generous  side  of  the  argument.  That  amount  is  larger 
than  the  1  000  cu.  ft.  per  sec.  very  wisely  assumed  by  General  Abbot 
when  studying  these  problems  for  the  Canal  Engineers. 

The  writer  believes  that,  with  time,  when  deforestation  takes  place 
in  the  Canal  Zone,  the  difference  in  run-off  between  dry  and  wet  sea- 
sons will  be  still  more  marked  than  at  present;  the  discharge  of  the 
7  months  (May-November)  will  be  heavier,  with  more  freshets;  and 
the  run-off  of  the  dry  season   (December- April)   will  be  less. 

In  tropical  countries,  where  there  is  no  melting  snow,  if  deforesta- 
tion does  not  diminish  the  annual  water  supply,  it  alters  considerably 
its  distribution   and  regulation. 

Area  of  Lake  Gatun. — The  areas  and  capacities  given  by  Fig.  4  are 
interesting  as  approximate  data.  The  two  curves  shown  in  that  dia- 
gram cannot  be  accurate  representations  of  the  areas  and  capacities 
of  the  lake  at  various  levels  in  such  extremely  variable  ground  as  that 
destined  to  form  Lake  Gatun.  Such  ideal  curves  are  possible  only  in 
an  absolutely  regular  basin,  such  as  a  parabolic  or  spherical  bowl 
would  be,  and  if  the  118  islands  distributed  so  irregularly  in  the  lake 
were  all  perfect  prisms  or  pryamids. 

These  curves,  accurate  at  Elevation  +85,  do  not  indicate  the  irreg- 
ularities due  to  the  remarkably  varied  slopes  on  the  islands,  hills, 
promontories,  gullies,  and  ravines;  nor  do  they  show  the  appreciable 
area  and  volume  occupied  by  the  Panama  Railroad's  immense  embank- 
ment through  Gatun  Lake,  and  by  the  considerable  stumpage  of  more 
than  100  sq.  miles  of  forests  which  will  stand  in  the  lake. 

Active  Area  of  the  Lake. — When  discussing  surface  evaporation,  it 
is  not  the  "paper  area"  of  the  lake,  as  measured  by  a  planimeter, 
between  contour  lines,  that  is  of  interest,  but  the  active  evaporative 
surface  of  water  in  actual  contact  with  the  air — the  surface  where 
evaporation  takes  place — which  is  evidently  considerably  larger  than 
the  "paper  surface." 

It  is  on  the  "active  surface"  that  the  writer  figures  evaporation 
after  having  given  due  consideration  to  the  many  small  items  that 
tend  to  increase  it. 

An  idea  of  the  importance  of  these  apparently  insignificant  ele- 
ments is  given  by  the  following: 

(a.)  The  stump  of  a  dead  tree,  4  in.  in  diameter,  standing  in  the 
lake,  will  occupy  a  paper  area  of  only  12.57  sq.  in.     Under  12  in.  of 
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water  oscillation  and  corresponding  capillary  motion,  the  same  trunk      Mr. 
will  present  to  the  air  an  active  area  equal  to  204  sq.  in.,  or  a  gain  ^^^^*^<'- 
of  17  times  the  area  occupied  by  the  stump. 

(h.)  A  pound  of  water,  occupying  12  sq.  in.  when  at  rest,  if 
churned  by  the  propeller  of  a  passing  steamer,  or  by  a  strong  wind, 
in  a  spray  of  tV "i^i-  globules,  will  present  to  the  air  an  active  surface 
of  20  sq.  ft.;  240  times  the  original  paper  area  on  the  calm  water. 

On  Lake  Gatun  there  will  be  at  all  times  at  least  forty  steamers 
in  motion,  churning  tons  of  water.  The  writer  will  not  attempt  to 
estimate  the  effect  of  their  propellers,  circulating  pumps,  etc.,  nor 
the  increased  active  surface  of  the  lake  due  to  waves,  billows,  white- 
caps,  etc.,  it  being  so  evident  that  all  these  elements  disturbing  the  lake 
surface  will  increase  considerably  its  "active  evaporative  surface,"  in 
contact  with  the  atmosphere. 

This  is  a  point  that  has  not  been  mentioned  and,  apparently,  has 
not  even  been  considered,  by  the  engineers  who  have  written  on  the 
Panama  Canal.  To  obtain  the  evaporative  loss,  they  simply  multiply 
the  flat  "paper  area"  of  the  lake  by  evaporative  units  obtained  in 
tanks,  10  in.  in  diameter,  of  perfectly  calm  water  protected  from  the 
direct  rays  of  the  sun. 

General  Abbot,  when  figuring  the  loss  of  water  by  evaporation  for 
the  minority  of  the  Board  of  Consulting  Engineers,  multiplied  the 
area  of  Lake  Gatun  at  Elevation  +85,  which  he  took  as  111  sq.  miles, 
by  0.24  in.,  with  no  allowances  for  temperature,  wind,  waves,  in- 
creased areas,  activating  elements,  lake  forests,  borders,  nor  any  of 
the  other  influences. 

Now,  Mr.  Saville  proposes,  or  defends,  the  same  crude  method, 
but  using  even  a  smaller  unit  of  standard  evaporation,  even  less  than 
the  0.233  in,  actually  measured  on  the  Isthmus,  in  the  year  under  dis- 
cussion. 

Table  17  shows  that  in  the  Canal  Zone  in  the  4  months,  January- 
April,  1908,  the  evaporation  for  the  three  stations  was  at  the  rate  of 
0.233  in.  per  day. 

Inaccuracy  of  Evaporation  Methods. — The  Panama  Canal  engineers 
now  gauge  the  evaporation  by  the  "pan  method,"  which  Mr.  Saville 
frankly  admits  is  defective.  In  the  case  under  discussion  it  is  more 
than  defective,  it  is  inaccurate,  because  no  records  are  taken  of  the 
simultaneous  temperature  of  the  water  and  of  the  air,  the  action  of 
the  sun's  rays,  the  intensity  of  air  currents,  and  the  combination  of 
these  elements,  nor  the  distance  from  the  water  level  to  the  edge  of 
the  tanks. 

Mr.  Saville,  describing  the  methods  used  now  by  him,  says:  "The 
records  from  Ancon  and  Cristobal  are  from  insulated  pans  10  in.  in 
diameter  and  3  ft.  deep." 

He  forgot  to  mention  the  very  important  point  that  these  pans  are 
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Mr.      protected   from   the   direct   rays   of   the  sun.     Readings   obtained   in 

Sorzano.  gj^^]][  pans,  protected  from  the  direct  rays  of  the  sun,  unless  properly 

corrected  according  to  the  thermal  conditions,  are  valueless  as  standard 

units  for  a  lake  that  will  be  exposed  to  the  searching,  almost  vertical, 

rays  of  the  sun  in  the  tropics. 

It  is  indeed  remarkable  that,  after  so  many  years  of  American 
occupation,  and  with  such  very  able  men  in  charge,  the  only  data 
now  available  for  calculating  the  probable  evaporation  on  Lake  Gatun 
should  be  based  on  approximate  figures  calculated  years  ago  by  General 
A.  P.  Davis,  M.  Am.  Soc.  C.  E.,  for  Lake  Nicaragua,  or  on  incomplete 
data  obtained  on  the  Isthmus  under  the  following  inaccurate 
conditions : 

I. — At  Ancon  and  Cristobal,  both  outside  of  the  lake's  basin,  on 

the  sea-shore,   and  in  tanks   protected  from  the  rays  of  the 

sun. 
II. — At  Brazos  Brook  and  Rio  Grande,  both  outside  of  the  lake's 

basin,   in   floating  tanks,   admitted   by  Mr.   Saville  to   be   an 

imperfect  method. 
III. — No  corrections  for  temperature  of  water,  distance  of  water 

level  from  edge  of  pans,  no  simultaneous  records  of  rainfall, 

air  currents,  etc.,  at  the  same  station. 
IV. — Two  flat  tanks  on  the  ground  in  the  jungle,  where  any  wild 

animal   or   any   local   precipitation   may,   in   a   few   minutes, 

invalidate  a  whole  week's  record. 
V. — The  Bas  Obispo  station  has  been  abandoned  because  it  did 

not  represent  the  normal  conditions  of  the  lake  basin. 

The  foregoing  conditions  show  that  Mr.  Saville  is  not  in  a  position 
to  advance  any  figures  based  on  scientific,  accurate  data,  obtained  under 
scientific  conditions  in  the  Gatun  Basin. 

As  for  the  method  used  by  General  Davis  on  Lake  Nicaragua,  it 
cannot  be  correct  except  under  the  following  conditions: 

A. — If  the  exact  area  of  Lake  Nicaragua  is  known, 
B. — If  the  fluctuations  of  level  in  Lake  Nicaragua  are  known, 
C. — If  there  are  no  local  precipitations  on  the  lake  or  in  any  part 
of  its  immense  basin  while  the  measurements  are  being  taken. 

A. — The  area  of  Lake  Nicaragua  is  not  accurately  known,  not  even 
within  a  reasonable  approximation,  such  as  is  necessary  for  a  compu- 
tation of  evaporation.  Its  area  has  been  obtained  roughly  by  triangu- 
lation,  but  there  are  hundreds  of  miles  of  its  contour  still  unsurveyed, 
unmeasured,  unexplored;  there  are  hundreds  of  islands,  creeks,  gullies, 
promontories,  border-swamps,  winding  streams,  etc.,  of  unknown  areas. 
Under  such  circumstances  it  is  impossible  t6  calculate  accurately  a 
loss  of  water  based  on  the  extension  of  the  lake's  surface.    Any  figures 
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obtained  by  dividing  a  daily  loss  of  water  by  that  unknown  area  will     Mr. 
evidently  be  an  unreliable  unit  for  comparison.  Sorzano. 

To  show  how  impossible  it  is  to  estimate,  even  approximately,  very 
large  areas  like  the  Nicaragua  Lakes  when  detailed  contour  lines  are 
not  at  hand,  one  has  only  to  consider  the  case  of  Lake  Gatun  at  Eleva- 
tion +85,  as  estimated  by  General  Abbot  for  the  Board  of  Consulting 
Engineers,  in  connection  with  the  lock  canal  project. 

In  spite  of  the  very  complete  and  elaborate  plans  in  the  archives  of 
the  Panama  Canal  Company,  in  spite  of  the  complete  set  of  cross- 
section  plans  covering  the  whole  Isthmus,  every  20  meters  apart  from 
Colon  to  Panama,  in  spite  of  other  accurate  data  at  his  disposal.  General 
Abbot  and  the  other  eminent  engineers  of  the  lock  canal,  after  having 
fully  studied  the  subject  on  the  ground,  estimated  (in  1906)  the  area 
of  Lake  Gatun,  at  Elevation  +85,  as  111  sq.  miles.  The  exact  area 
is  now  given  as  165  sq.  miles — an  error  of  50%,  not  as  much  as  we  are 
now  used  to  on  Panama  Canal  matters,  but  sufficient  to  vitiate  any 
calculation  based  on  the  former  figure. 

B. — If  the  difference  of  level,  due  to  currents,  backing  of  waters  by 
wind,  local  showers,  etc.,  can  be  established  accurately  at  the  moment 
of  measuring  the  small  differences  due  to  evaporation,  or  the  variable 
inflows,  etc.,  without  knowing  the  exact  mean  level  of  such  a  large  lake 
as  Nicaragua,  it  is  impossible  to  know  its  actual  running  contents  at 
the  moment  of  gauging  the  streams.  A  steady  breeze  in  the  lake  will 
back  the  waters  3  or  4  ft.  one  way  or  the  other,  and  modify  accordingly, 
not  only  the  apparent  contents  of  the  lake,  but  the  flow  of  the  streams 
under  measurement  at  the  time. 

C. — In  reference  to  local  precipitations  on  the  lake,  or  in  any  part 
of  its  immense  basin  while  the  measurements  are  being  taken,  there 
are  hundreds  of  streams  in  the  Nicaragua  Sierras  with  unexplored 
drainage  basins,  covering  thousands  of  square  miles,  and  at  great  dis- 
tances from  the  gauging  stations.  It  would  require  thousands  of  rain 
gauges  to  keep  simultaneous  records  of  that  region,  extending  nearly 
from  one  ocean  to  the  other,  in  the  most  capricious  climate  of  Central 
America. 

It  would  require  only  one  unrecorded  shower  in  those  remote  basins 
to  flood  in  a  few  hours  any  of  those  unknown  streams,  and  render 
useless  the  most  beautifully  calculated  evaporation  data. 

It  is  evident  that  General  Davis  did  not  control  such  favorable  con- 
ditions, nor  others  so  necessary  for  the  accurate  gauging  of  the  inflows 
and  outflows  to  and  out  of  Lake  Nicaragua.  It  would  require  years  of 
comparative  analysis  between  rainfall,  lake  references,  and  all  the  other 
elements,  to  arrive  at  even  an  approximate  result  which  would  permit 
one  to  quote,  by  this  method,  daily  evaporation  (by  fractions  of  an 
inch)  on  a  lake  of  that  enormous  size. 

The  writer  does  not  believe  General  Davis  ever  intended  that  his  ap- 
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Mr.  proximate  Nicaragua  figures  should  be  used  to  decide  between  0.2454 
and  0.2400  in.,  on  questions  of  scarcity  of  water  in  another  region, 
undfer  different  local  conditions. 

For  these  reasons,  the  writer  believes  that  the  0.19  in.  calculated 
by  Mr.  Davis  at  Nicaragua  is  not  a  sufficiently  accurate  unit  to  be 
used  as  a  base  of  discussion  for  the  Canal  Zone,  particularly  when  the 
very  records  at  the  Isthmus  actually  show  a  daily  evaporation  (dry 
season  1908)  of  0.2330  in. 

In   Tables  4  and  6  the  writer  figured  on: 

Table  4,  Average  of  4  dry  months  in  a  dry  year 0.2712  in. 

Less,  actual  precipation  on  lake,  in  a  dry  year.  ..  .  0.0222    " 

Actual  calculated  evaporation  on  lake ,. .  .  0.2490    " 

Table  6,  Actual     calculated     daily     evaporation     on     lake 

0.2656  in.  —  0.0237  in 0.2419    " 

Average 0.2454    " 

Mr.  Saville,  in  discussing  the  paper,  did  not  notice  that  the  writer 
— to  avoid  undue  criticism — did  not  use  in  the  tables  the  high  evapora- 
tion figures  which  he  believes  will  rule  on  Lake  Gatun.  He  has  been 
compelled  to  enter  and  follow  Mr.  Saville  in  these  arguments  on  a 
small  difference  of  only  0.0054  in.,  which  is  nothing  compared  with  the 
extra  evaporation  from  the  forests. 

In  reply  to  the  statement  that  the  writer  did  not  have  more  com- 
plete data,  or  that  his  figures  appear  to  be  "more  excessive  than  any- 
thing that  has  thus  far  been  observed  at  Lake  Nicaragua,  by  either  the 
^pan'  or  'lake'  method,  or  on  the  Isthmus,"  the  writer  wishes  to  say  that 
his  reasons  for  believing  in  a  high  evaporation  on  Lake  Gatun  are 
based  on: 

I. — The  high  temperature  of  the  semi-stagnant  waters  of  Lake 
Gatun  during  the  months  of  February- April, 

II. — The  action  of  the  wind, 

III. — The  presence  of  large  areas  of  forest  standing  in  the  lake, 

IV. — The  increased  "actual  evaporation"  on  the  lake  caused  by  the 
combined  effect  of  all  the  elements  enunciated  in  preceding 
paragraphs. 

As  these  questions  have  not  hitherto  been  mentioned  by  any  of  the 
investigators  of  Panama  Canal  hydraulics,  the  writer  feels  the  neces- 
sity of  explaining  his  views  in  more  detail. 

I. — Result  of  Temperature  of  Water  and  Air. — Fortier,  the  very 
able  experimenter  of  the  United  States  Geological  Survey,  says : 

"Results  show  that  an  increase  of  10°  Fahr.,  will  increase  the 
evaporation  from  water  surfaces  1  in.  per  week,  or  0.1428  in.  per  day." 
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In  Table  18,  the  monthly  mean  temperature  for  January- April,  is     >ii'- 
given  by  Mr.   Saville  as  97.40°   Fahr.,   and  the  maximum  for  these 
months   as   102.2°    Fahr.      The   writer,   however,   finds   in   the    Canal 
Record  for  1908  (the  year  under  discussion)  the  following  maximum 
temperatures : 

Maximum  temperature  in  the  sun  at  Empire,  January,  1908,  125°  Fahr. 

"  "  February,    "      124°     " 

"  "  "  "  March,         "      125°     " 

Taking  only  the  low  figures  given  by  Mr.  Saville,  however  (which 
are  probably  of  some  wet  year),  and  considering  that  the  evaporation 
data  on  the  Isthmus  are  taken  in  the  shade  at  an  average  temperature 
of  78°,  it  will  be  seen  what  an  immense  increase  in  evaporation  will 
result  from  the  difference  of  temperature  by  Mr.  Fortier's  rule  of 
0.14  in.  for  each  10°  Fahr.  increase  of  temperature. 

It  is  well  to  mention  again  the  startling  fact  that  the  evaporation 
data  in  the  Canal  Zone  are  obtained  "by  means  of  tanks  exposed  to  all 
atmospheric  conditions  except  the  direct  rays  of  the  sun."*  This  will 
perhaps  explain  why  Mr.  Saville  and  his  associates  do  not  believe  in 
high  evaporation. 

The  writer's  figures  are  for  a  lake  exposed  to  the  direct  action  of 
the  rays  of  the  sun  at  the  high  temperatures  on  record  there. 

Temperature  of  the  Lake  Water. — It  is  regrettable — indeed  inex- 
plicable— that,  in  a  discussion  on  the  temperature  of  lake  water  "dur- 
ing the  dry  season  of  dry  years,"  Mr.  Saville  should  offer  Table  21, 
which  covers  only  the  months  from  June  to  November — the  rainy 
season,  and  of  1909,  the  rainiest  year  on  record.f  From  that  table  are 
omitted  the  months  of  December,  January,  February,  March,  and 
April — the  only  ones  that  are  of  interest,  and  the  only  ones  to  be  con- 
sidered in  a  question  of  temperature  of  accumulated  water  in  a  reser- 
voir during  the  dry  season. 

Instead  of  giving  the  figures  for  a  season  in  which  the  total  rain- 
fall was : 

January,    1908 0.75  in. 

February,    "    0.00    " 

March,         "    0.14    " 

April,  "    2.00    " 

Total 2.89  in. 

accumulated  new  rainfall,  Mr.  Saville  gives  the  figures  corresponding 
to  the  wet  season  of  1909,  in  which  the  same  reservoir  received  107.86 
in.  of  new  rainfall. 

*  Report,  Isthmian  Canal  Commission,  1909,  p.  21. 

+  The  year  1909  was  also  the  coldest  on  record  on  the  Isthmus, 
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Mr.  The  amount  of  fresh,  cold  water  that  the  reservoir  received  in  the 

period  chosen  was  39  times  more  than  the  amount  received  during  the 
dry  season  under  discussion;  its  cooling  effect  on  the  contents  of  that 
reservoir  would  be  in  the  same  proportion. 

Even  incomplete  and  irrelevant  as  Table  21  is,  it  shows  that,  even 
in  that  small  reservoir,  during  the  season  in  which  it  was  receiving 
every  day  copious  inflows  of  cool  water,  and  with  its  top  surface  water 
running  over  the  spillway,  that  water  still  acquired  a  temperature  of 
7°  or  8°  above  the  temperature  of  the  ambient  air. 

In  that  reservoir,  220  ft.  above  sea  level,  in  the  midst  of  the  full 
rainy  season,  the  surface  temperature  reached  90.7°  Fahr.,  18°  higher 
than  the  incoming  water.  At  that  rate,  using  the  figures  in  Table  18, 
«  the  surface  of  Lake  Gatun  would  have  a  temperature  of  more  than 

106°  Fahr.  In  order  to  avoid  criticism,  the  writer  named  only  90°, 
which  happens  to  be  even  less  than  the  90.7°  registered  in  1909  at  the 
Rio  Grande  Reservoir,  during  the  coolest. months  on  record  for  31  years. 

As  the  temperature  of  Lake  Gatun  is  one  of  the  most  important 
elements  to  be  studied,  the  following  considerations  are  necessary  here: 
Lake  Gatun  will  have  a  capacity  of  185  000  000  000  cu.  ft.  After  a  few 
days  of  dry  season,  the  inflow  into  the  lake  will  average — in  dry 
years — say  1  200  cu.  ft.  per  sec.  The  greater  part  of  that  amount  will 
follow  the  current  toward  Pedro  Miguel  to  feed  the  locks  there,  and 
in  consequence  will  not  come  to  the  lake  proper.  The  other  part,  say 
47  000  000  cu.  ft.  every  24  hours,  at  a  temperature  of  about  75°  Fahr., 
will  run  into  the  lake  and  mix  with  its  bottom  waters;  but  it  will  not 
remain  in  the  very  bottom — being  somewhat  less  dense  than  the  extra 
concentrated  alkaline  waters  of  the  lake.  It  is  this  equilibrating  effect 
of  temperature  versus  alkalinity,  impurities,  etc.,  that  confirms  the 
writer  in  his  opinion  that  the  temperature  in  the  stagnant  waters  of  the 
lake  will  be  about  82°  Fahr.  in  the  deeper  bottoms,  during  the  dry 
season. 

Under  the  circumstances,  it  is  easy,  but  tedious,  to  prove  that  with 
such  a  rate  of  47  cu.  ft.  of  fresh  cool  water  against  185  000  cu.  ft.  of 
old  warm  water — with  ordinary  evaporation — the  lake  would  very  soon 
acquire  a  very  high  temperature,  in  a  country  where  the  hours  of  sun- 
shine are  more  than  83%  of  the  possible  maximum. 

If  there  were  no  more  evaporation  than  the  0.19  in.  suggested  by 
Mr.  Saville,  the  lake  would  soon  have  a  surface  temperature  of  117° 
Fahr.,  and  considerably  more  in  the  shallow  parts  and  in  the  land- 
locked bays,  where  large  areas  of  stagnant  water  are  connected  by 
narrow  channels.  Any  argument  to  sustain  the  contention  that  the 
surface  temperature  will  be  low,  will  be  a  proof  that  evaporation  has 
been  high. 

In  connection  with  the  foregoing,  it  is  W'ell  to  remember,  also,  two 
other  causes  of  increased  temperature: 
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(a). — The  fermentation  of  the  immense  amount  of  organic  matter     Mr. 
that  will  accumulate  in  the  lake  from  the  vast  forests  drowned  in  it,  ^°^^^^<^- 
the  detritus,   dead  leaves,   and  also  the  offal  from  all  craft  afloat  in 
Lake  Gatun. 

(h). — The  direct  heating  of  the  lake  waters  by  the  circulating- 
water  of  the  condensers  of  such  craft,  and  of  power  plants,  ice- 
plants,  and  many  other  industries  which  will  be  located  on  the  shores 
of  the  lake,  and  will  use  its  waters.  It  is  easy  to  calculate  that  50  or 
60  vessels,  constantly  in  the  lake,  each  averaging  only  2  500  h.p., 
10  000  h.p.  at  Gatun,  only  10  000  h.p.  for  the  other  industries,  say 
150  000  h.p.,  will  heat  144  000  000  cu.  ft.  of  water  per  day  to  120°  Fahr. 
or  considerably  more  than  300  000  000  cu.  ft.  to  110°,  and  very  much 
more  as  the  mean  temperature  of  the  lake  increases.  For  these  reasons, 
the  writer  claims  that  the  90°  he  gave — so  conservatively — will  be 
surpassed. 

That  figure  was  not  copied  from  "formulas  connected  with  the 
movement  of  ground-water,"  but  was  based  on  the  foregoing  rough 
calculations,  assisted  by  the  writer's  long  experience  in  connection 
with  the  temperature  of  stored  water  in  the  Tropics. 

//. — The  Action  of  the  Wind. — Air  currents  have  a  great  effect  in 
increasing  evaporation.  The  result  is  almost  exactly  proportionate  to 
the  velocity  of  the  wind.  The  gentlest  breeze  affects  it;  on  a  warm 
day  a  stiff  wind  will  double  the  loss  of  water  from  a  pool  of  stagnant 
warm  water. 

Fig.  6,  prepared  by  Mr.  Saville  to  show  evaporation  and  allied 
phenomena,  gives  at  a  glance  a  very  clear  idea  of  the  influence  of  air 
currents  on  evaporation.  In  that  diagram  the  parallelism  between  the 
evaporation  curve  and  the  wind  velocity  curve  shows  how  closely  they 
follow  each  other,  not  only  in  their  magnitudes,  but  in  their  angles, 
peaks,  depressions,  and  irregularities.  Nothing  could  show  better  how 
air  currents  affect  evaporation.  Fig.  6  also  shows  that  for  every  mile  of 
wind  velocity  there  is  an  evaporation  of  0.994-j-  in.,  almost  exactly  the 
empiric  rule  of  1  in.  of  water  a  month,  for  every  mile  of  velocity  of 
the  wind  per  hour. 

At  that  rate,  a  gentle  breeze  of  10  miles  an  hour — so  common  in 
that  locality — will  evaporate  0.33  in.  per  day.* 

Fig.  6  also  shows  very  clearly  that  evaporation  is  very  low  during 
the  rainy  season  (May-November),  and  is  at  its  maximum  during  the 
dry  season  (January- April),  with  the  highest  in  February  and  March,, 
as  given  by  the  writer  in  Tables  4  and  6,  and  on  page  70,  written 
a  year  ago. 

*  The  Chief  Engineer  of  the  Panama  Canal  (Report,  Isthmian  Canal  Commission,  1909), 
speaking  of  that  region,  says:  "  Limon  Bay  is  exposed  to  northers  and  to  heavy  seas  caused 
by  the  trade  winds  which  prevail  during  the  dry  season." 

Records  on  the  Isthmus  show  wind  velocities  of  20  and  32  miles  in  that  vicinity.  It  is 
the  t^xtra  evaporation  caused  bv  the  trade  winds  and  permanent  breezes  that  cools  those 
regions  and  makes  them  habitable. 
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Mr.  Incidentally,  the  vapor  pressure  line  (in  Fig.  6)   shows  the  insig- 

nificant  and  irregular  effect  that  element  has  on  evaporation. 

The  great  difference,  shown  by  this  diagram,  between  the  evapora- 
tion of  the  dry  season  and  the  loss  during  the  wet  season — almost 
double — proves  how  inaccurate  it  is  to  take  the  average  of  the  whole 
year  to  calculate  losses  during  the  dry  months  only,  or,  even  to  use 
the  dry-season  average  in  computing  the  loss  on  a  lake  for  any  given 
month. 

III. — The  Action  of  Forests  Standing  in  the  Lake. — Probably  the 
highest  unit  of  natural  evaporation  is  the  one  produced  by  tropical 
plants  standing  with  their  roots  under  water  and  their  foliage  out  in 
the  open  hot  atmosphere  of  a  tropical  region,  particularly  if  there 
are  air  currents. 

Assuming  an  average  height  of  trees  of  only  about  30  ft.  on  the 
slopes  of  the  islands  and  hills,  Lake  Gatun  will  have,  when  full,  more 
than  75  sq.  miles  of  forests  standing  in  its  waters,  under  the  foregoing 
ideal  conditions  for  maximum  fly-off,  that  is,  water  absorbed  by  the 
plants  and  evaporated  from  their  foliage. 

This  fly-off  is  an  extra  loss,  to  be  added  to  the  actual  evaporation  on 
the  lake's  surface.  Experience  shows  that  the  "accelerating"  effect 
of  this  fly-off  is  considerably  more  than  the  retarding  effect  of  the 
diminished  air  currents,  shade,  floating  dead  leaves,  etc.,  produced  by 
the  same  forests. 

According  to  the  combined  data  obtained  by  Fortier  and  Fernow, 
who  have  carried  on  such  interesting  experiments  in  this  direction, 
this  fly-off  will  produce,  under  the  foregoing  conditions,  an  evaporation 
of  from  1  in.  to  2.02  in.  per  day.  Other  experimenters  have  found 
even  more. 

Taking  only  1  in.  a  day,  and  allowing  for  condensation,  dew,  peri- 
odical effect  of  the  moon,  the  extreme  density  of  the  forests,  fogs,  etc., 
and,  on  the  other  hand,  considering  the  very  high  temperature  of  the 
surface  water,  the  hilly  locality,  and  the  varied  height  of  the  forests 
due  to  the  irregular  basin,  it  will  be  admitted  that  these  "lake  forests" 
will  still  produce  an  extra  evaporation  of  considerable  importance, 
and  which,  if  distributed  on  the  original  "paper  surface"  of  the  lake, 
would  enhance  very  materially  the  final,  net  coefficient  of  daily  evapora- 
tion per  unit  of  lake  surface. 

This  fly-off,  due  to  lake  forests,  is  an  element  which  has  not  been 
considered  by  any  of  the  engineers  of  the  Panama  Canal. 

Its  importance  will  be  felt  there  as  it  has  been  felt  in  other  coun- 
tries, where  it  has  been  found  necessary  to  girdle  the  trees  or  cut  down 
the  lake  forests  in  order  to  save  water. 

In  Lake  Gatun,  after  some  time,  many  of  the  half-drowned  trees 
will  die;  others  will  thrive  luxuriantly.  Girdling  will  be  an  expensive 
and  inefficient  remedy,  as  it  will  leave  standing  the  dead  trees  as  an 
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unsanitary,   perpetual,   and   offensive   source   of   decomposing   organic     Mr. 
matter  during  the  dry  seasons ;  or  a  serious  danger  to  navigation,  and  ^^^^'*'^®' 
to  lock  gates  during  freshets. 

The  only  effective  remedy  will  be  to  cut  down  and  burn  the  trees. 
This,  on  only  a  small  part  of  the  lake  basin  (between  Elevations  +50 
and  +85),  at  $50  per  acre,  will  cost  more  than  $2  500  000.* 

IV. — The  Combined  Effect  of  the  Foregoing  Elements. — The 
writer,  after  having  given  in  the  paper  his  reasons  for  a  heavier  evap- 
oration on  Lake  Gatun  than  could  be  measured  by  gauging  instru- 
ments alone,  very  plainly  said: 

"The  actual  daily  loss  of  water  by  surface  evaporation,  if  it  could 
be  measured  accurately  on  the  lake,  would  be  found  to  be  much  larger 
than  what  has  been  assumed,  as  an  average  for  Lake  Gatun,  and 
nearer  the  following  figures  *  *  *  for  the  five  months  of  dry 
weather." 

This  means  the  actual  loss  of  water  that  will  take  place,  not  in  a 
tank  10  in.  in  diameter,  with  perfectly  calm,  cool  water,  protected  from 
the  direct  rays  of  the  sun,  but  on  a  lake  having  more  than  170  sq. 
miles  of  surface,  exposed  to  the  active  evaporative  elements,  so  tedi- 
ously described  in  preceding  paragraphs. 

Mr.  Saville  does  not  seem  to  have  considered  this  problem  of  evap- 
oration from  this  true,  practical  point  of  view.  Under  the  circum- 
stances, no  agreement  with  the  writer  is  possible,  particularly  if  Mr. 
Saville  continues  to  use  the  very  crude  "pans"  which  he  himself 
admits  to  be  imperfect. 

Border  Evaporation. — Mr.  Saville,  evidently,  has  not  had  time  to 
consider  border  evaporation  as  it  deserves,  or  he  would  not  attempt 
to  measure  it  by  using  flat  pans  10  in.  deep  placed  on  the  ground  in 
the  jungle,  and  by  which  he  expects  to  obtain  information. 

Such  pans,  on  the  ground,  surrounded  by  rank  tropical  growth, 
will  show  only  such  surface  evaporation  as  the  peculiar  conditions 
permit — in  the  shade,  in  calm  water,  and  reduced  air  currents — ^but  not 
the  border  evaporation  and  fly-off  which  will  be  taking  place  from  the 
moist  soil  around  the  pans,  and  due  to  the  rank  tropical  plants  which 
are  smothering  the  pans.  If  no  wild  animals  disturb  them  during  the 
night,  these  jungle  pans  may  perhaps  show  an  evaporation  of  about 
0.09  in.,  while  the  moist,  saturated  ground  around  them  will  be  losing 
at  the  rate  of  0.75  in.  or  more  per  day. 

Mr.  Saville  has  confused  surface  evaporation,  on  the  water  around 
the  edges  of  the  lake,  with  the  border  evaporation  on  the  ground,  or 
beach,  above  and  beyond  the  edge  of  the  water. 

This  border,  referred  to  by  the  writer,  is  the  ground  around  and 
above  the  contour  line  of  the  lake,  kept  moist  by  the  fluctuations  of 


*The  denser  forests  in  the  inaccessible  regions  of  the  lake  basin  cannot  be  cleared  for 
double  that  price. 
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Mr.  the  water,  due  to  waves,  etc.,  and  by  capillarity.  According  to  the 
■  topographical  and  geological  conditions  of  these  beaches,  the  width 
of  this  border  of  moist  soil  may  vary  from  1  or  2  ft.  to  as  many  hun- 
dred feet  and  more,  due  to  the  extreme  irregularity  of  the  serrated 
contour  of  the  lake,  as  may  be  seen  on  Plate  VI. 

Percolation. — The  writer  believes  that  many  engineers  who  have 
had  experience  in  storing  water  will  agree  with  him  that  quite  a  loss 
of  water  is  possible  by  percolation  in  deep  reservoirs  on  unprepared 
ground.  Perhaps  many  will  recall  reservoirs  which  have  lost  water 
even  after  having  been  cemented,  or  made  water-tight  by  artificial 
means  and  at  great  expense. 

Without  leaving  the  Canal  Zone,  the  experiences  in  the  Brazos 
Brook  Reservoir  and  the  Camacho  Reservoir,  prove  that,  even  in 
that  region,  in  well-studied  reservoirs  built  on  natural  ground,  the 
water  sometimes  percolates  through  the  bottom  and  sides  to  such  an 
extent  that  they  have  to  be  emptied  in  order  to  be  cemented,  and  their 
sides  raised  to  make  up  for  the  losses  by  percolation. 

In  municipal  reservoirs  in  the  United  States,  like  those  Mr.  Saville 
names,  the  replenishing  supply  is  generally  ample,  continuous,  and 
more  or  less  variable,  but  safe;  the  consumption  of  water  being  also 
continuous,  with  water  perhaps  running  over  the  spillways,  it  is  not 
necessary  to  measure,  or  even  to  know,  the  exact  amount  of  percola- 
tion. Under  such  circumstances,  this  becomes  a  more  or  less  interest- 
ing side  issue  but  without  great  importance  as  long  as  the  replenish- 
ing supply  is  ample,  or  water  runs  over  the  weirs;  that  these  reservoirs 
are  operated  under  such  conditions  all  over  the  world  is  not  an  abso- 
lute proof  that  there  is  no  percolation  from  them. 

The  fact  that  the  engineers  for  New  York  City's  new  supply  do  not 
feel  any  anxiety  about  Ashokan  Reservoir  does  not  prove  that  there 
will  not  be  any  normal  loss  of  water  there,  nor  is  it  a  guaranty  that 
there  will  be  none  under  the  completely  different  geological,  topograph- 
ical, and  meteorological  conditions  in  the  Gatun  Basin,  particularly 
if  the  inevitable  high  temperature  of  the  lake  water  is  considered. 

Tables  2  and  3  were  given  by  the  writer  in  order  to  emphasize  pos- 
sible conditions. 

A  fair-minded  reader  will  admit  that  the  writer  never  proposed  to 
strip  the  whole  167  sq.  miles  of  area,  as  Mr.  Saville  insinuates.  The 
writer  plainly  said: 

"Unless  the  whole  200  sq.  miles  of  that  valley  be  stripped  and 
examined,  this  probable  percolation  cannot  be  estimated  in  advance, 
even  approximately.  Unless  every  square  foot  of  that  vast  area  is 
made  impervious  by  artificial  means,  the  loss  of  water  by  seepage  can- 
not be  authoritatively  dismissed  as  'an  impossibility.'  It  can  only  be 
guessed  at  now,  and  will  be  ascertained  only  after  the  lake  is  filled." 
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There  is  nothing  in  that  quotation  to  show  that  the  writer  recom-      Mr. 
mends,  suggests,  or  in  any  way  advocates  the  extravagance  of  stripping  "^ 
that  lake  basin.* 

The  purpose  of  that  phrase  was  to  present  the  element  of  guess 
overhanging  a  proposition  in  which  three-quarters  of  that  basin  was 
still  under  the  original  condition  of  virgin  forest.  The  testimony 
given  by  various  engineers  now  in  the  Canal  Zone,  and  on  record,, 
proves  that  they  also  admit  this  element  of  risk,  mentioned  by  the 
writer.  The  great  amount  of  exploration  work,  borings,  etc.,  done  at 
great  expense  since  this  paper  was  written,  and  still  going  on  in  the 
lake  basin,  under  the  direction  of  Mr.  Saville,  is  the  very  best  proof 
that  the  elements  of  risk  suggested  by  the  writer  deserved  consideration. 

The  question  of  percolation  is  somewhat  like  the  item  of  fire 
insurance  in  a  factory.  When  estimating  his  budget,  a  good  manager 
would  not  leave  out  entirely  the  fire  risks,  because  other  factories  do 
not  burn  down,  or  because  his  well-studied  one  is  not  expected  to  be 
destroyed  by  fire.  No  matter  how  well  built  and  protected  his  mills 
are,  he  will  be  wise  to  figure  on  a  premium  to  cover  any  possible  risk. 
If  he  does  not  know  in  advance  what  the  rate  will  be  in  that  neighbor- 
hood, he  will  prove  his  sagacity  by  not  figuring  on  a  minimum. 

At  the  time  this  paper  was  written  (in  April,  1909)  many  of  the 
data  now  given  out  by  Mr.  Saville  for  the  first  time,  were  not  even  in 
his  possession,  as  the  explorations,  borings,  etc.,  to  which  he  now 
refers  had  not  been  completed,  and  some  of  them  not  even  started. 

The  more  Mr.  Saville  and  his  able  assistants  •  investigate,  explore, 
and  study  the  geological  conditions — hitherto  covered  under  tropical 
forests — the  more  the  percolation  problem  will  shift  from  "scientific 
guess"  to  practical  data,  and  the  more  that  risk  will  diminish. 

In  this  respect  it  is  interesting  to  note  that  General  Abbot,  while 
with  the  Comite  Technique,  admitted  a  percolation  of  0.24  in.  a  day; 
later,  he  reduced  his  figures  to  77  cu.  ft.  per  sec,  and  later  he  increased 
them  to  89  cu.  ft.  per  sec. 

The  method  used  by  the  writer  to  measure  probable  percolation  was 
by  a  depression  of  a  fraction  of  an  inch  on  the  lake's  surface,  the 
question  under  discussion  being  the  depth  of  water  in  the  lake.  Any 
one  disagreeing  with  him  on  that  figure  can  use  any  other  amount — 
this  will  only  affect  the  depth  of  water  in  the  lake  according  to  that 
change  and  no  more.  The  arrangement  of  the  tables  permits  more 
than  fifty-six  alterations.  The  reader  will  keenly  appreciate  the  fact 
that  it  is  not  necessary  to  argue  on  each  one  of  them  here. 

There  are  a  few  other  points  in  Mr.  Saville's  criticism  which  the 
writer  must  in  turn  criticize.  In  reference  to  the  rock  found  in  the 
ridges  of  the  lake  bed,  he  says : 


*  The  author  would  call  Mr.  Saville's  attention  to  the  fact  that  the  amount  of  land 
surface  in  the  lake  basin  below  Elevation  +85  is  not  167  sq.  miles,  but  considerably  more. 


204:  discussion:  water  supply  for  Panama  canal 

Mr.  "It  was  practically  impervious  to  the  flow  of  water.    The  seams  and 

Sorzano.  figg^res  in  this  rock  are  not  abundant,  nor  do  they  appear  to  be  of 
great  extent,  etc.,  etc." 

It  was  Mr.  Saville  himself  who  said:* 

"Some  of  the  rocks  [in  the  Gatun  Valley]  are  of  open  texture  and 
permit  the  flow  of  water"  (p.  127). 

"The  principal  water-bearing  medium  seems  to  be  the  joints  and 
seams  which  cut  through  the  various  strata  and  allow  the  passage  of 
large  quantities  of  water"   (p.  127). 

"It  [the  material]  has  well-defined  joint  planes  and  seams  through 
which  water  passes  into  the  pit  with  velocity  enough  to  throw  the  stream 
from  1  ft.  to  li  ft.  into  the  opening"  (p.  165). 

He  also  says: 

"That  these  streams  continue  to  be  fed  and  to  run  down  the  hill- 
sides in  periods  of  little  rainfall  is  evidence  of  the  water-tightness  of 
the  rock  in  the  ridges." 

This  is  also  strong  evidence  of  the  permeability  of  the  same  over- 
lying stratum  on  which  Mr.  Saville  relies  so  much  for  protection 
against  percolation. 

If  the  top-soil  were  not  quite  impervious,  if  the  rocks  were  not 
quite  compact  and  were  little  fissured,  the  percolation  figures  would 
not  be  the  small  fraction  of  an  inch  assumed  by  the  writer,  but  an 
enormous  leakage  which  the  writer  has  not  claimed  nor  prognosticated. 
The  I  in.  assumed  as  a  coefficient  of  safety  against  an  unknown  and 
undecided  risk  in  (at  the  time)  an  unexplored  basin,  does  not  seem  to 
him  so  extravagant,  for  85  ft.  depth  of  water,  if  compared  with  the 
I  in.  assumed  by  the  Comite  Technique  for  a  lake  only  60  ft.  deep 
and  much  smaller  in  area;  a  difference  of  only  ^  in.  of  water  per  day, 
on  a  risk  four  times  larger,  is  not  beyond  engineering  conservatism, 
considering  the  importance  of  the  consequences  if  a  mistake  were 
made. 

In  regard  to  the  amount  of  percolation  admitted  by  the  Engineers 
of  the  Lock  Canal,  no  higher  authority  than  Colonel  Goethals,  the 
Chief  Engineer  of  the  canal,  could  be  named.  When  interrogated  on 
the  subject  (January,  1909),  he  testified  as  follows: 

"That  question  has  been  brought  up,  but  the  discussion  is  an 
academic  one  entirely.  A  surveying  party  is  out  now  making  a  care- 
ful survey  and  investigation  of  all  the  saddles  bordering  the  lake.  We 
do  know  there  is  a  pond  back  of  the  railroad  at  Gatun  on  the  re-located 
line  which  maintains  its  level,  there  is  no  seepage.  We  do  know  the 
Brazos  Brook  Reservoir,  with  an  area  of  140  acres  and  depth  of  34.5  ft., 
constructed  in  the  hills  near  Mt.  Hope,  has  no  appreciable  leakage 
through  the  hills.    We  have  another  at  Camacho,  38.4  acres  in  area  and 


*  Report,  Isthmian  Canal  Commission,  1908. 
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55  ft.  deep,  and  we  have  another  at  Rio  Grande  of  72.9  acres  and  a      Mr. 
maximum  depth  of  57  ft.,  with  the  cut  relatively  near.     There  is  no  Sorzano. 
leakage  through  the  hills.     I  do  not  see  any  more  reason  to  expect 
seepage  from  Gatun  Lake  through  the  hills  than  from  these  reservoirs." 

Inasmuch  as  the  Camacho  Reservoir  had  leaked,  in  August,  1908, 
so  badly  that  it  had  to  be  emptied  18  ft.  to  be  made  impervious,  the 
writer,  using  Colonel  Goethals'  own  words,  does  not  see  any  more 
reason  to  expect  less  percolation  through  the  vast  Gatun  Basin  than 
actually  occurred  in  the  Camacho  Reservoir  in  August,  1908. 
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THE  IMPKOVED  WATER  AND  SEWAGE  WORKS  OF 

COLUMBUS,  OHIO.* 

By  John  H.  Gregory,  M.  Am.  Soc.  C.  E. 


With  Discussion  by  Messrs.  Joseph  W.  Ellms,  Julian  Griggs,  C-E.  A. 
WiNSLow,  R.  D.  Scott  and  R.  F.  McDowell,  Samuel  Tobias 
Wagner,  J.  Corbett,  W.  R.  Copeland,  W.  A.  Sperry,  J.  W.  Sale, 
C.  P.  Hoover,  C.  B.  Hoover,  A.  Elliott  Kimberly,  Samuel 
Rideal,  Alexander  Potter,  Gilbert  Fowler,  William  Gavin 
Taylor,  Allen  Hazen,  William  B.  Fuller,  Emil  Kuichling, 
Langdon  Pearse,  Rudolph  Hering,  George  A.  Johnson,  George 
W.  Fuller,  and  John  H.  Gregory. 


In  1904  the  City  of  Columbus,  Ohio,  began  the  construction  of 
two  important  sanitary  improvements  which  have  recently  been  com- 
pleted, and  it  is  the  purpose  of  this  paper  to  describe  them.  They 
include  works  for  improving  the  water  supply  and  for  purifying  the 
dry-weather  flow  of  sewage. 

Previous  to  1904,  or,  more  correctly  speaking,  previous  to  the  com- 
pletion of  the.  new  works,  it  may  be  said  that  conditions  in  Columbus, 
as  in  some  other  American  cities,  were  far  from  satisfactory.  The 
water  supply,  which  had  been  mainly  from  ground-water  sources,  but 
was  augmented  at  times  by  drawing  directly  from  the  river  intakes, 
normally  very  hard,  had  gradually  grown  worse,  typhoid  fever  had 
been  a  constant  menace,  a  very  severe  epidemic  having  occurred  in 
January  and  February,  1904,  and  on  more  than  one  occasion  a  water 
famine  had  been  imminent.  In  periods  of  extreme  dry  weather, 
practically  the  whole  flow  of  the  Scioto  River  above  Columbus  was 
taken  for  water  supply  purposes  and  returned  to  the  river  as  sewage  a 

*  Presented  at  the  meeting  of  March  2d,  1910. 
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short  distance  west  of  the  southerly  part  of  the  city,  causing  thereby  a 
nearly  stagnant  pool  of  slightly  diluted  sewage,  the  odors  arising  from 
which,  carried  up  into  the  city  by  the  prevailing  winds,  gave  cause  for 
great  complaint.  A  somewhat  similar  condition  of  affairs  existed  on 
the  east  side  of  the  city,  where  the  sewage  was  discharged  into  Alum 
Creek.  Before  proceeding  to  the  detailed  descriptions  of  the  works 
built  to  relieve  these  conditions,  certain  general  information  relating 
to  the  city  will  be  given. 

Location. — Columbus,  the  capital  of  the  State  of  Ohio,  is  an  inland 
city  located  about  30  miles  southwest  of  the  geographical  center  of 
the  State,  and  about  100  miles  from  Lake  Erie.  The  general  elevation 
of  the  city  is  about  780  ft.  above  sea  level.  Fig.  1  is  a  map  of  the 
city  and  vicinity. 

Population  and  Area. — The  population  of  Columbus,  as  given  by  the 
United  States  Census,  was  88  150  in  1890,  and  125  560  in  1900.  The 
growth  of  the  city  has  been  very  rapid  in  recent  years,  and,  from  the 
best  information  obtainable,  it  is  believed  that  the  population  in  1907 
was  about  170  000,  and  that,  by  1910,  it  will  have  increased  to  about 
200  000.  The  area  within  the  corporate  limits  of  the  city  in  1908  was 
16.81  sq.  miles. 

Precipitation. — The  mean  annual  precipitation  at  Columbus,  from 
the  records  of  the  Weather  Bureau  of  the  United  States  Department 
of  Agriculture,  for  the  29  years,  1879  to  1907,  is  36.75  in.  The 
wettest  year  was  1882,  with  a  total  precipitation  of  51.30  in.,  and  the 
driest,  1901,  with  a  total  of  26.53  in.  The  greatest  monthly  precipita- 
tion was  9.59  in.,  in  May,  1882,  and  the  least,  0.18  in.,  in  November, 
1904. 

Temperature. — Tables  1  and  2  contain  data  relative  to  the  tempera- 
ture conditions  in  Columbus,  also  compiled  from  the  records  of  the 
Weather  Bureau.  Table  2  is  of  especial  interest  as  indicating  the 
severity  and  duration  of  the  periods  of  cold  weather  to  which  the 
sewage  purification  works  may  be  exposed.  The  severest  period  in  the 
past  was  probably  in  the  winter  of  1898-99,  when,  although  the  total 
number  of  consecutive  days  that  the  temperature  was  below  32°  Fahr. 
was  only  13,  on  10  days  the  temperature  was  20°  or  below,  on  7  days 
10°  or  below,  on  4  days  0°  or  below,  and  on  2  days  — 10°  or  below. 

Water-shed  of  Scioto  River. — Columbus  lies  at  the  junction  of  the 
Olentangy  and  Scioto  Rivers.     Above  the  junction  the  water-shed  of 
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WATER-SHED    OF    SCIOTO    RIVER   NEAR    COLUMBUS 

Fig.  2. 
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the  Scioto  has  an  area  of  about  1 050  sq.  miles,  and  that  of  the 
Olentangy  about  514  sq.  miles ;  below  the  city,  at  the  site  of  the  sewage 
purification  works,  the  water-shed  of  the  Scioto,  shown  in  Fig.  2,  has 
an  area  of  about  1  580  sq.  miles.  Above  Columbus  this  water-shed  is 
in  general  flat  and  largely  devoted  to  agriculture,  being  highly  culti- 
vated.   As  but  few  areas  are  wooded,  the  river  is  more  or  less  flashy. 

TABLE  1. — Temperature  Conditions  at  Columbus,  Ohio. 


Mean  annual 1879-  190T 

Warmest  summer June,  July,  Aug.,  1901 

Coolest  summer June,  July,  Aug.,  1883 

Mildest  winter Dec,  Jan.,  Feb.,  1889  - 1890 

Coldest  winter Dec,  Jan.,  Feb.,  1903  - 1904 

Warmest  mouth July,  1901 

Coldest  month Jan.,  1893 

Highest  recorded  observation,  once  in 1901 

Lowest  recorded  observation,  once  each,  in 1879,   1884,  1899 


Degrees  Fahr. 


52.1 

76.0 
70.1 

41.4 
28.4 

79.9 
18.8 

104.0 
—30.0 


TABLE  2. — Periods  of  Severe  Winter  Weather  at  Columbus,  Ohio. 
Temperature  Given  in  Degrees,  Fahrenheit. 


Consecutive  Number  of  Days  that  Mean  Daily  Temperature  was: 

Winter  of: 

32° 

20° 

10° 

0° 

—10° 

or  below. 

or  below. 

or  below. 

or  below. 

or  below. 

1878-1879 

38 

8-6-2-2 

4-4-1 

3 

1894-1895 

30 

2-7-10 

1-6-1 

1 

1904-1905 

29 

3-3-7-2-4-1 

3-3-3 

2 

1901-1902 

27 

2-4-4-4-3 

3 

1880-1881 

27 

6-1-3 

5-1 

2 

1893-1893 

24 

6-12 

8-3 

1 

1891-1893 

23 

1-1-2-2-3 

1 

1886-1887 

20 

3-4-3-2 

3-3-3 

1884-1885 

18 

5-8 

3-7 

1-1 

1884-1885 

18 

7-5-1 

3-3-3 

# 

1896-1897 

14 

8 

5 

2 

1898-1899 

13 

10 

7 

4 

3 

1883-1884 

13 

3-3-3 

1-3 

1 

1885-1886 

11 

9 

5 

3 

1883-1884 

11 

7 

5 

2 

Throughout  the  water-shed  the  rock  is  limestone,  and  is  covered 
by  drift  of  varying  thickness,  although  at  many  places  it  is  exposed. 
The  water  is  hard,  carrying  considerable  amounts  of  the  carbonates 
and  sulphates  of  lime  and  magnesia,  and  it  is  highly  turbid  during 
freshets.     The  river,  to  a  certain  degree,  is  polluted,  although  not  as 
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much  so  as  other  rivers  flowing  through  more  thickly  populated  dis- 
tricts, but  the  drainage  which  it  receives  from  small  cities,  villages, 
and  public  institutions  is  sufficient  to  render  it  unfit  for  use  as  a  public 
water  supply  without  purification. 

TABLE  3. — Population  on  the  Water-shed  of  the  Scioto  River. 
Drainage  Area  at  Columbus,  1 050  sq.  miles. 


Population: 


1890. 

1900. 

1908. 

Total  population,  towns  having  more  than  4  000  inhab- 
itants     . 

13  330 

4  220 
45  260 

18  03O 

4  690 

46  280 

21  790 

Places  having  from  1  000  to  4  000  inhabitants 

8  450 

Rural  population  (being  all  the  remainder) 

42  900 

Total  population  on  water-shed 

62  810 

69  000 

73  140 

Population  per  square  mile,  towns  having  more  than 
4  000  inhabitants  

12.7 

4.0 

43.1 

17.2 

4.5 

44.0 

20.8 

Places  having  from  1  000  to  4  000  inhabitants 

8.0 

Rural  population  per  square  mile 

40.9 

Total  population  per  square  mile 

59.8 

65.7 

69.7 

Table  3  gives  the  population  on  the  water-shed  of  the  Scioto  above 
Columbus  for  the  years  1890  and  1900,  and  the  estimated  population 
in  1908,  made  up  from  figures  compiled  by  Paul  Hansen,  Assoc. 
M.  Am.  Soc.  C.  E.,  Assistant  Engineer,  Ohio  State  Board  of  Health, 
from  which  it  will  be  noticed  that  the  population  is  largely  rural. 

TABLE  4. — Death  Kates  in  Columbus,  Ohio. 


Year. 

Population. 

Total  deaths 
from  all 
causes. 

Total  deaths 
per  100  000 
population. 

Deaths 

froiij 
typhoid 
fever. 

Deaths  from 

typhoid  fever 

per  100  000 

population. 

1898 

116  000 

1390 

1200 

33 

28 

1899 

120  000 

1  622 

1350 

31 

26 

1900 

125  600 

1776 

1  410 

53 

42 

1901 

131  000 

1551 

1  190 

47 

36 

1902 

136  500 

1578 

1  150 

44 

32 

1903 

142  000 

1787 

1260 

46 

32 

1904 

148  000 

2  080 

1410 

195 

132 

1905 

155  000 

1899 

1220 

109 

70 

1906 

162  500 

2  033 

1250 

52 

32 

1907 

170  000 

2  117 

1250 

48 

28 

1908 

178  000 

2  156 

1210 

170 

96 

1909 

186  500 

1039* 

5* 

... 

*  For  first  six  months  only. 
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Death  Rates. — Table  4,  also  compiled  by  Mr.  Hansen,  gives  the 
total  death  rates  and  the  death  rates  from  typhoid  fever  in  Columbus 
for  the  ten  years  prior  to  1908  and  the  rates  for  1908,  during  the  latter 
part  of  which  year  the  water  purification  works  were  placed  in  opera- 
tion; also  the  total  deaths  and  deaths  from  typhoid  fever  for  the  first 
six  months  of  1909.  The  typhoid  death  rates  in  several  of  the  years 
indicate  only  too  clearly  that  purification  of  the  water  supply  was 
needed,  and  that  the  rates  in  the  other  years  were  not  higher  is  probably 
due  to  the  fact  that  a  large  percentage  of  the  water  was  obtained  from 
underground  sources. 

I.— THE  IMPROVED  WATER=WORKS. 

Historical. — The  water  supply  of  Columbus  was  formerly  obtained 
mainly  from  ground-water  sources.  The  first  works  were  situ- 
ated on  the  east  bank  of  the  Olentangy  River,  just  above  its  junc- 
tion with  the  Scioto.  The  supply  was  obtained  from  a  well,  20  ft.  in 
diameter,  and  from  a  brick  filtering  gallery,  256  ft.  in  length,  adjacent 
to  which  was  built  what  is  known  as  the  West  Side  Pumping  Station, 
the  works  being  first  put  in  operation  on  May  1st,  1871.  The  city 
then,  as  at  present,  was  supplied  by  direct  pumping  service.  No  dis- 
tribution reservoirs  or  stand-pipes  were  provided;  reservoirs,  however, 
were  entirely  out  of  the  question  on  account  of  the  topography  of  the 
city  and  the  surrounding  country. 

From  time  to  time  the  ground-water  source  of  supply  was  increased 
by  extending  the  filtering  galleries  and  conduit  systems  under  and 
along  the  Olentangy  and  Scioto  Ilivers,  until  a  total  length  of  13  097 
ft.  of  brick  and  iron  conduit,  42  in.  in  diameter,  had  been  provided. 

The  most  recent  extension  to  the  conduit  system  was  made  in  1897 
and  1898,  when  an  additional  3  000  ft.  of  42-in.  cast-iron  pipe  were 
laid.  At  the  time  this  new  conduit  was  built,  37  tubular  wells,  6  in. 
in  diameter,  were  sunk  along  its  line  at  depths  varying  from  20  to 
58  ft.  below  its  bottom,  most  of  them,  when  they  were  drilled,  being 
flowing  wells  at  the  -conduit  elevation.  The  laying  of  this  additional 
conduit  was  undertaken  as  a  precautionary  measure,  to  provide  a 
duplicate  system  for  use  in  case  of  failure  of  the  old  brick  conduit, 
warning  that  a  collapse  was  likely  to  occur  having  been  given  by  the 
caving  in  of  the  old  conduit  at  several  points  near  its  upper  end.  The 
extension  of  the  underground  source  of  supply  did  not  keep  pace  with 
the  increasing  consumption,  and,  each  year  since  the  works  were  first 
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established,  more  or  less  water  was  obtained  directly  from  the  Olen- 
tangy  and  Scioto  Rivers,  in  the  last  few  years,  however,  only  from 
the  Scioto. 

In  1889,  it  having  been  considered  that  the  underground  sources 
of  supply  tributary  to  the  West  Side  Pumping  Station  had  been 
developed  to  as  great  an  extent  as  was  profitable,  attention  was  turned 
to  Alum  Creek,  the  stream  flowing  along  the  eastern  boundary  of  the 
city.  A  second  pumping  station,  known  as  the  East  Side  Pumping 
Station,  was  built  on  the  west  bank  of  the  creek,  and  pumping  was 
begun  on  May  5th,  1891,  from  a  brick  well,  25  ft.  in  diameter,  and 
from  32  tubular  wells,  6  in.  in  diameter  and  from  60  to  65  ft.  in  depth. 
As  was  the  case  at  the  West  Side  Pumping  Station,  the  supply  from 
the  underground  sources  at  times  was  insufficient  and  was  augmented 
by  drawing  directly  from  Alum  Creek. 

The  construction  of  a  storage  reservoir  on  the  Scioto  River  first 
received  consideration  in  1879.  In  1886  plans  for  a  low  dam  across 
the  river  were  prepared  by  Mr.  John  B.  Gregory,  but  the  cost  of  the 
proposed  undertaking  was  so  large  that  the  project  was  laid  aside  in 
favor  of  additional  filtering  galleries.  In  1893  the  project  was  again 
revived,  when  a  storage  reservoir  was  reported  as  necessary  by  Rudolph 
Hering,  M.  Am.  Soc.  C.  E.,  he  favoring  the  Scioto  River  as  being  a 
better  source  of  supply  than  other  available  streams. 

It  was  not  until  1897,  however,  that  definite  steps  were  taken  to 
secure  an  additional  supply.  Extended  surveys  and  studies  were  then 
made  by  Julian  Griggs,  M.  Am.  Soc.  C.  E.,  Chief  Engineer  of  the 
Department  of  Public  Improvements,  and  early  in  1898  Mr.  Griggs 
recommended  the  construction  of  a  curved  concrete  overflow  dam,  30  ft. 
high,  across  the  Scioto  River,  about  5.5  miles  northwest  of  the  West 
Side  Pumping  Station.  In  the  spring  of  the  same  year,  general  plans 
of  the  proposed  work  were  submitted  to  the  Ohio  State  Board  of 
Health,  and  in  their  approval  a  recommendation  was  made  that  the 
height  of  the  dam  be  increased  from  30  ft.  to  50  ft.,  as  a  much  greater 
storage  could  thereby  be  provided. 

In  June,  1898,  the  whole  subject  was  reviewed  by  James  D.  Schuy- 
ler, M.  Am.  Soc.  C.  E.,  Consulting  Engineer,  and  in  July  of  the  same 
year,  he  endorsed  the  proposed  construction  and  concurred  in  the 
recommendation  that  the  50-ft.  dam  be  built.  In  the  course  of  the 
next  two  years  several  attempts  were  made  to  begin  the  construction, 
but,  owing  to  legal  and  other  difficulties,  they  were  unsuccessful. 
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In  1900  the  question  of  an  additional  supply  was  again  taken  up, 
and  Samuel  M.  Gray,  M.  Am.  Soc.  C.  E.,  Consulting  Engineer,  was 
asked  to  report,  not  only  on  the  additional  supply,  but  also  on  the 
improvement  and  extension  of  the  whole  water-works  system.  In  the 
report  submitted  by  Mr.  Gray,  in  February,  1901,  he  endorsed  the 
previous  recommendation  that  the  Scioto  River  be  adopted  as  a  source 
of  supply  and  that  a  masonry  dam  52  ft.  high  and  an  impounding 
reservoir  be  built.  He  advised  also  that  water  purification  works,  con- 
sisting of  a  softening  and  mechanical  filtration  plant,  be  built  adjacent 
to  the  West  Side  Pumping  Station,  that  a  gravity  conduit  be  laid 
from  the  storage  reservoir  to  the  purification  works,  that  the  East  and 
West  Side  Pumping  Stations  be  abandoned,  that  a  new  pumping 
station  with  entirely  new  equipment  be  built,  and  that  the  distribution 
system  be  revised  and  reinforced. 

Following  the  presentation  of  Mr.  Gray's  report,  steps  were  taken 
to  inaugurate  the  construction  of  the  work  outlined  and  recommended 
by  him,  but  it  was  not  until  1904  that  the  necessary  funds  were  appro- 
priated and  the  work  of  construction  commenced. 

Brief  Outline  of  the  New  Worhs. — In  the  development  of  the  new 
works,  the  scheme  outlined  in  Mr.  Gray's  report  has  in  general  been 
followed,  but  modifications  have  been  made  where  further  study  indi- 
cated that  it  would  be  desirable.  Briefly  stated,  a  masonry  dam,  raising 
the  water  level  30  ft.,  and  a  storage  reservoir,  have  been  built  on  the 
Scioto  River,  about  5.5  miles  northwest  of  the  old  West  Side  Pumping 
Station.  About  4.5  miles  below  the  dam  a  new  pumping  station  and 
a  purification  works  have  been  built.  No  appropriation  for  the  gravity 
conduit  was  made,  and  therefore  the  river  is  used  as  a  conduit,  the 
water  flowing  down  the  river  from  the  dam  to  the  new  pumping  station. 
The  water  is  here  raised  by  low-lift  pumps  to  the  purification  works, 
is  softened  and  filtered,  and  then  pumped  from  the  new  station 
through  two  36-in.  force  mains  connecting  with  the  distribution  system 
in  the  city.  The  old  East  Side  and  West  Side  Pumping  Stations  are 
no  longer  in  service,  the  work  which  they  formerly  did  being  now  per- 
formed by  the  new  pumping  station.  The  location  of  the  new  works 
relative  to  the  city  is  shown  on  Fig.  1. 

THE  SCIOTO  RIVER  STORAGE  DAM  AND  RESERVOIR. 

Type  of  Structure. — The  Scioto  River  Storage  Dam,  as  it  is  offi- 
cially known,  is  a  concrete  structure  about  1  006  ft.  long,  consisting  of 
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Elevation,  in  Feet  above  City  Datum 


Elevation,  in  Feet  above  City  Datum 
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two  abutment  sections,  one  on  each  bank  of  the  river,  with  an  overflow 
or  rollway  section  between.  The  dam  is  of  the  curved  or  arched  type, 
with  the  convex  side  up  stream,  the  vertical  up-stream  face  for  a  length 
of  810  ft.  being  built  in  plan  to  a  radius  of  800  ft. 

In  Mr.  Gray's  report  it  was  recommended  that  a  52-ft.  dam,  or  so- 
called  high  dam,  be  built,  that  is,  a  dam  which  would  raise  the  water 
level  52  ft.,  but,  owing  to  reasons  purely  local,  and  having  no  relation 
to  the  design  of  the  structure,  the  30-ft.  or  low  dam  was  built.  The 
foundations  and  abutment  sections,  however,  have  been  constructed  so 
that  at  a  future  date  the  dam  can  be  raised  22  ft.  to  the  full  height 
recommended.    Fig.  3  is  a  general  plan  and  elevation  of  the  dam. 

The  crest  of  the  present  overflow  is  at  Elevation  73.0,  or  30  ft.  above 
former  mean  low  water,  the  abiitment  sections  on  either  side  rising  to 
Elevation  95.0,  or  22  ft.  above  the  crest  of  the  overflow.  With  the  high 
dam,  the  crest  of  the  future  overflow  would  be  at  Elevation  95.0  and  the 
top  of  the  abutment  section  at  Elevation  117.0. 

Profile  of  Dam. — The  profile  of  the  dam  as  adopted  is  substantially 
that  of  the  52-ft.  dam  recommended  by  Mr.  Gray,  a  few  slight  changes 
in  the  dimensions,  however,  having  been  made  in  order  to  secure  a 
somewhat  smoother  outline.  Although  the  dam  is  of  the  curved  type, 
it  has  a  gravity  section,  and  in  the  design  no  consideration  was  given  to 
the  effect  of  any  possible  arch  action. 

The  factors  controlling  the  design  of  the  profile  are  discussed  so 
fully  in  Mr.  Gray's  report  that  they  will  not  be  considered  here  at 
length,  it  being  sufficient  to  state  that,  in  addition  to  the  water  pressure 
on  the  back  of  the  dam,  allowance  was  made  for  an  upward  water 
pressure  equal  to  two-thirds  of  the  head  at  the  back  of  the  dam  and 
decreasing  uniformly  to  the  toe,  and  for  an  ice  thrust  of  34  000  lb. 
per  lin.  ft.  of  dam  applied  at  the  crest  of  the  future  overflow,  or  22  ft. 
below  the  top  of  the  high  dam.  In  all  the  computations  relating  to  the 
stability  of  the  dam,  the  weight  of  the  concrete  was  assumed  as  140  lb. 
per  cu.  ft. 

Two  profiles  of  the  52-ft.  dam  are  shown,  Fig.  4,  giving  the  lines 
of  pressure  when  the  reservoir  is  full  and  empty,  and  Fig.  5,  giving 
the  lines  when  the  reservoir  is  filled  to  22  ft.  below  the  top,  that  is,  to 
the  crest  of  the  future  overflow. 

By  reference  to  Fig.  4  it  will  be  seen  that  with  the  reservoir  empty, 
or  with  the  reservoir  full  and  water  pressure  only  on  the  back  of  the 
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dam,  the  lines  of  pressure  fall  inside  the  middle-third  limit.  With  the 
reservoir  full  and  with  upward  water  pressure  on  the  base  of  the  dam, 
the  line  of  pressure  falls  outside  the  middle-third  limit.    As  the  condi- 
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tion  of  a  full  reservoir  and  of  an  upward  water  pressure  of  the  amount 
assumed  would  occur  so  infrequently,  and  especially  as  the  duration 
of  the  period  when  the  reservoir  would  be  full  would  be  only  a  few 
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hours,  and,  further,  as  it  would  probably  require  several  days  for  the 
upward  pressure  to  equal  the  amount  assumed,  the  increase  in  section 
necessary  to  bring  the  line  of  pressure  inside  the  middle-third  limit 
was  not  considered  warranted. 

With  the  reservoir  filled  to  the  crest  of  the  future  overflow,  it  will 
be  seen,  by  referring  to  Fig.  5,  that  the  lines  of  pressure  due  to  water 
pressure  only,  to  water  pressure  and  ice  thrust,  and  to  water  pressure, 
ice  thrust,  and  upward  pressure,  all  fall  inside  the  middle-third  limit. 

West  Abutment . — The  section  of  the  present  west  abutment  is 
shown  by  the  full  lines  in  Fig.  6;  the  dotted  lines  indicate  what  the 
full  section  of  the  west  abutment  will  be  when  the  dam  is  raised  22  ft. 
At  the  top  of  the  present  section  steps  have  been  left  for  the  purpose 
of  providing  a  bond  with  future  work.  In  addition  to  the  steps,  6-in. 
I-beams,  10  ft.  long  and  5  ft.  apart,  have  been  built  into  the  masonry 
to  provide  an  additional  bond  between  the  old  and  new  work. 

Inasmuch  as  it  is  probably  only  a  question  of  time  until  the  dam 
will  be  raised,  no  attempt  at  architectural  ornamentation  was  made, 
that  being  left  to  be  considered  with  future  construction. 

Present  Overflow. — The  present  overflow  has  a  rollway  section  with 
an  apron  extending  out  a  few  feet  at  the  toe,  as  shown  in  Fig.  7. 
Superimposed  on  this  section  are  shown  the  sections  of  the  present 
and  future  west  abutments.  The  overflow  is  500  ft.  long,  and  was 
designed  to  discharge  a  maximum  rainfall  of  6  in.,  on  the  drainage  area 
of  1  032  sq.  miles  above  the  dam,  flowing  off  in  24  hours,  or  about 
166  500  cu.  ft.  per  sec.  To  discharge  this  quantity  would  require  a 
depth  of  about  21.7  ft.  on  the  overflow.  In  the  flood  of  March,  1898, 
the  greatest  of  which  any  records  are  available,  the  maximum  dis- 
charge of  the  river  was  estimated  at  about  50  000  cu.  ft.  per  sec. 
A  depth  of  only  about  10  ft.  on  the  overflow  would  be  required  to  pass 
this  quantity  of  water.  Owing  to  its  length,  the  possible  depth  of 
water  flowing  over  it,  and  the  possibility  of  raising  the  dam,  it  was  not 
considered  advisable  to  attempt  to  bridge  the  overflow.  When  the  dam 
is  raised,  the  present  overflow  will  become  a  part  of  the  west  abutment, 
and  especial  care  will  have  to  be  taken  to  insure  a  satisfactory  bond 
between  the  old  work  and  the  new.  In  all  probability  some  method  of 
steel  reinforcement  will  be  required. 

36-in.  Sluice-Pipes. — In  order  to  care  for  the  ordinary  flow  of  the 
river  during  construction,  six  lines  of  36-in.  cast-iron  pipe  were  built 
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through  the  west  abutment  of  the  dam,  the  up-stream  end  of  each  being 
provided  with  a  36-in.  circular  sluice-gate.  In  case  it  should  ever  be 
desired  to  drain  the  reservoir  to  the  lowest  possible  point,  these  gates 
could  be  used  for  this  purpose,  but,  under  ordinary  conditions,  they 
will  remain  closed. 

Power  Tubes. — It  was  pointed  out  in  Mr.  Gray's  report  that,  with 
the  52-ft.  dam,  a  considerable  amount  of  water-power  could  be  developed 
at  the  dam  from  the  water  overflowing  in  excess  of  that  required  by  the 
city.  In  order  to  provide  for  the  possible  future  development  of  this 
power,  should  the  present  dam  be  raised,  three  so-called  power  tubes 
have  been  built  into  the  west  abutment,  two  at  Elevation  85.0  and  one 
at  Elevation  65.0,  for  connecting  with  future  penstocks.  Each  tube  is 
a  riveted  steel  pipe,  9  ft.  in  diameter  and  x\  in.  thick,  reinforced  with 
bent  steel  angles  placed  circumferentially.  Eeinforced  concrete  bulk- 
heads have  been  built  in  the  ends  of  each  tube,  and  on  the  up-stream 
ends  heavy  flanges  have  been  provided  to  which  gate-frames,  screens, 
or  other  construction  can  be  bolted. 

Gate-Chamber. — The  gate-chamber  is  just  east  of  the  present  over- 
flow and  on  the  up-stream  side  of  the  present  east  abutment.  No 
superstructure  has  been  provided  in  the  present  construction,  as  it 
would  be  necessary  to  remove  it,  should  the  dam  be  raised.  Instead,  an 
operating-room  has  been  built  in  the  upper  part  of  the  gate-chamber, 
with  its  roof  flush  with  the  top  of  the  present  east  abutment.  Should 
the  dam  be  raised,  the  roof  only  would  be  removed,  thereby  permitting 
the  gate-chamber  to  be  extended  up  to  the  top  of  the  high  dam.  A 
gate-house,  or  an  operating-room  similar  to  the  present  design,  could 
then  be  built,  as  desired.  The  floor  of  the  operating-room  is  at  Eleva- 
tion 84.0,  or  11  ft.  above  the  crest  of  the  overflow,  and  would  not  be 
flooded  except  for  a  short  time  during  a  period  of  very  high  water,  in 
fact,  higher  than  that  of  the  flood  of  March,  1898.  A  manhole  in  the 
roof  and  a  ladder  extending  to  the  floor  below  furnish  access  to  the 
operating-room. 

Below  the  operating-room,  the  wells  are  in  duplicate,  water  being 
admitted  through  openings  in  the  up-stream  face  of  the  gate-chamber. 
In  each  up-stream  well  two  36  by  60-in.  Coffin  sluice-gates  have  been 
provided,  permitting  water  to  be  drawn  at  different  levels.  An  addi- 
tional sluice-gate  of  the  same  size,  at  a  higher  elevation,  will  be  added 
should  the  dam  be  raised.     Three  sets  of  grooves  for  stop-planks  and 


220       IMPROVED  WATER  AND  SEWAGE  WORKS,   COLUMBUS,   OHIO 


ocreens  have  also  been  provided.  In  each  down-stream  well  is  placed 
a  48-in.  circular  sluice-gate,  each  connecting  directly  with  a  line  of 
48-in.  cast-iron  pipe  extending  through  the  dam.  These  two  lines  of 
48-in.  pipe  will  connect  with  the  future  conduit  from  the  dam  to  the 
water  purification  works. 

As  mentioned  before,  this  conduit  has  not  been  built.  Under 
ordinary  conditions,  the  reservoir  is  full  and  the  entire  flow  of  the 
river  passes  over  the  overflow  and  thence  down  to  the  purification 
works,  where  a  portion  of  it  is  pumped  to  the  settling  basins.  When 
the  amount  taken  by  the  purification  works  is  in  excess  of  the  flow  of 
the  river,  however,  the  deficit  is  made  up  by  drawing  from  the  storage 
in  the  reservoir,  the  water  being  drawn  through  the  gate-chamber  and 
discharged  again  into  the  river  just  below  the  dam.  Under  such  condi- 
tions, fine  screening  at  the  gate-chamber  would  be  useless,  and  hence 
coarse  screens  only  have  been  provided,  sufficient  to  keep  out  floating 
brush  and  logs  from  the  wells. 

These  coarse  screens  at  present  extend  from  the  bottom  of  the  gate- 
chamber  up  to  about  the  level  of  the  crest  of  the  overflow;  above  them 
are  placed  stop-plank  gates  reaching  to  the  floor  of  the  operating-room. 
The  twelve  screens  consist  of  3i  by  |-in.  flat  steel  bars,  4  in.  from 
center  to  center,  held  in  steel  frames  3  ft.  11  in.  high  and  about  4  ft. 
9  in.  wide.  The  four  stop-plank  gates  are  3  in.  thick,  and  are  made  up 
and  bolted  together  in  sets,  4  ft.  2  in.  high  and  4  ft.  9  in.  wide.  The 
stop-plank     gates     and    screens 

are    raised    or    lowered    by    a  oc^t.^n,  ^.^T,,T,,oT/^^,^:o.^, «,.,       , ,  Ei.in 

traveling  screen  lifter,  moving 
up  or  down  in  the  grooves,  and 
hung  from  a  triplex  block. 

Future  Overflow. — The  fu- 
ture overflow  is  located  at  the 
east  end  of  the  dam,  and  at 
present  that  portion  which  has 
been  built  forms  the  east  abut- 
ment of  the  dam.  It  has  a  roll- 
way  section,  the  down-stream 
face  having  the  same  outline  as 
the  present  overflow,  as  shown 
in  Fig.  8.  The  present  construc- 
tion has  a  length  of  196  ft.    In  Fig.  8, 
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order  to  provide  an  overflow  500  ft.  in  length,  the  remaining  304  ft.  will 
be  excavated  in  rock.  On  the  down-stream  side,  four  guide-walls  have 
been  built  in  order  to  prevent  lateral  movement  of  the  water  immedi- 
ately at  the  foot  of  the  rollway.  A  guard-wall,  backed  up  with  earth, 
will  also  be  built,  extending  out  about  100  ft.  from  the  back  vertical 
face  of  the  dam.  The  foundation  and  footing  for  this  future  guard- 
wall  have  been  built  with  the  present  construction. 

Foundation. — The  foundation  on  which  the  dam  is  built  is 
Columbus  limestone,  the  depth  of  the  excavation  being  governed  largely 
by  the  character  of  the  rock.  Under  the  overflow  section,  the  rock 
was  excavated  to  a  depth  sufficient  to  protect  the  foundation  from  the 
action  of  water  moving  at  a  high  velocity,  the  rock  here  being  hard, 
and  free  from  clay  pockets;  seams,  however,  were  found  at  various 
angles.  Under  the  west  abutment,  between  Elevations  53.0  and  62.0, 
the  rock  was  softer  than  that  either  above  or  below,  and  some  large 
vertical  cracks,  filled  with  clay  and  extending  back  into  the  hillside, 
were  found.  The  excavation,  therefore,  was  carried  to  greater  depths 
than  was  contemplated  originally.  The  stratum  of  softer  rock  was  also 
found  on  the  east  bank. 

A  cut-off  trench,  varying  in  depth  from  3  to  5  ft.  and  about  5.5  ft. 
wide,  was  excavated  under  the  up-stream  portion  of  the  dam.  A  part 
of  the  trench  was  excavated  by  a  drill  mounted  on  a  horizontal  bar, 
light  charges  of  powder  being  used  to  loosen  the  rock,  but  satisfactory 
results  were  not  obtained  until  an  Inger soil- Sergeant  channeling 
machine  was  installed. 

Concrete. — The  dam  was  built  mainly  of  concrete,  but  large  stones 
were  bedded  in  it  to  a  certain  extent,  the  percentage  of  such  stones  in 
the  whole,  however,  being  small.  Lehigh  Portland  cement  was  used 
throughout  the  work,  and  was  furnished  to  the  contractor  by  the  City. 
The  ballast  for  the  concrete  was  crushed  limestone  screened  into  three 
sizes:  No.  1,  0.25  to  0.75  in.;  No.  2,  0.75  to  1.5  in.;  and  No.  3,  1.5 
to  3  in. 

During  the  fall  of  1904,  when  about  6  300  cu.  yd.  of  concrete  were 
placed,  the  materials  were  mixed  in  the  proportion  of  1  volume  of 
cement,  3  volumes  of  sand,  and  2  volumes  each  of  Nos.  1,  2,  and  3 
ballast.  During  1905,  when  the  remainder  of  the  concrete  was  placed, 
the  proportions  were  changed  to  1  of  cement,  2.71  of  sand  and  2.29  of 
each  of  the  three  grades  of  ballast.  The  two  mixtures  above  mentioned 
were  used  in  the  main  body  of  the  dam.     On  the  face  of  the  present 
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and  future  overflows,  and  on  the  vertical  sides  of  the  abutment  sec- 
tions next  to  the  present  overflow,  for  a  depth  of  1  ft.,  and  on  the  top 
of  the  abutment  sections,  for  a  depth  of  6  in.,  a  richer  mixture  was 
used,  the  concrete  containing  50%  more  cement  than  that  in  the  main 
body  of  the  dam. 

The  total  volume  of  concrete  placed  in  the  dam  was  56  330  cu.  yd., 
in  which  56  870  bbl.  of  cement  were  used,  giving  a  ratio  of  1.01  bbl.  of 
cement  per  cubic  yard  of  concrete,  and  agreeing  almost  exactly  with 
the  specifications,  which  stated  that  "in  general,  not  less  than  one 
barrel  of  cement  will  be  used  in  each  cubic  yard  of  concrete." 

Reservoir. — The  reservoir  formed  by  the  construction  of  the  dam 
is  peculiar  in  shape,  as  it  is  very  long  and  narrow,  the  total  length 
being  about  5,8  miles  and  the  mean  surface  width  about  516  ft.;  the 
maximum  width  is  about  820  ft.,  and  the  minimum  about  200  ft.  The 
area  of  the  water  surface  is  about  363  acres,  and  the  mean  depth  about 
14.5  ft. ;  the  maximum  depth,  about  35  ft.,  is  just  above  the  dam.  The 
total  volume  of  water  impounded  by  the  present  or  30-ft.  dam,  up  to 
Elevation  73.0,  is  1720  000  000  gal.,  of  which  1487  000  000  gal.  are 
available,  taking  low  water  at  Elevation  55.0.  The  total  volume  which 
would  be  impounded  by  the  52-ft.  dam  would  be  5  681  000  000  gal.,  of 
which  5  448  000  000  gal.  would  be  available. 

Inasmuch  as  the  water  was  to  be  purified  by  filtration,  it  was  not 
considered  necessary  to  strip  the  surface  of  the  reservoir.  All  trees 
were  cut  down,  and  all  stumps  and  roots  1  in.  or  more  in  diameter 
were  grubbed  out  to  a  depth  of  at  least  1  ft.  below  the  surface,  after 
which  the  material  was  burned.  The  surface  of  the  ground  was  then 
burned  over.  There  were  a  few  buildings  on  the  site  of  the  reservoir, 
one  of  which  would  have  been  submerged.  Some  of  these  buildings 
were  moved  to  higher  ground;  the  others  were  burned  or  torn  down. 
One  old  bridge  was  removed,  and  a  new  one,  540  ft.  in  length,  was 
built  to  replace  it.  The  new  bridge  was  designed  and  erected  under 
the  direction  of  Mr.  Walter  Braun,  County  Surveyor,  the  City  paying 
70%  of  the  cost.  In  addition  to  the  above,  about  3.9  miles  of  roads  were 
relocated  and  constructed. 

Cost. — Table  5  gives  the  cost  of  the  reservoir  and  dam,  and  Table  6 
gives  the  cost  per  million  gallons  of  capacity.  In  order  that  the  figures 
may  be  understood  clearly,  one  or  two  items  need  explanation.  In  the 
reconstruction  of  the  bridge  and  the  approaches,  as  previously  stated. 
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the  City  bore  70%  of  the  cost,  but  the  figures  in  Tables  5  and  6  give 
the  total  costs,  and  not  the  proportionate  part  paid  by  the  City. 
Similarly,  the  figures  given  for  the  cost  of  engineering  include  the 
cost  of  engineering  chargeable  to  the  bridge,  although  this  work  was 
not  done  under  the  direction  of  the  City. 

TABLE  5. — Cost  of  Scioto  Riyer  Storage  Reservoir  and  Dam. 


Reservoir. 

Land 452     acres      @     $334    $150  850 

Clearing  and  grubbing 256     acres      (^         79    20  200 

Moving  buildings 2  440 

Reconstruction  of  roads 3.9  miles      @  i2  670    !!!!!!!]  49  400 

Reconstruction  of  bridge ."...'.'.."  65  800 

Convenience  stations 2     @       880*   !!!,.*.*'  1760 

Keeper's  house,  repairs,  and  grading 1  760 


Total  cost  of  reservoir $292  210 


Dam. 

Excavation. 

Dry  earth 10  850     cu.  yd.  @    $0.40  $4  340 

Wet  earth 5  330     cu.  yd.  @      0.80  4  270 

Rock 29  900     cu.  yd.  @      1.50  44  870     $53  480 

Masonry  and  steel. 

Concrete 55  710     cu.  yd.  @    $4.94  $275  340 

Steel  rails  and  splices 28.7  tons  @    35.00  1000 

Structural  steel 11480     lb.  @      0.045  520      276  860 

Gate  chamber. 

Concrete 620     cu.  yd.  @    $4.94  $3  060 

Steel  and  cast  iron 18  430     )b.  @      0.045  820 

48-in.  sluice-gates 2      @  600.00  1200 

36  by  60-in.  sluice-gates 4      @  600.00  2  400 

48-in.  cast-iron  pipe 28.5  tons  @    26,84  770 

Screeus,  stop-planks  and  lifters 580         8  830 

36  in.  sluice-pipes. 

Steel  and  cast  iron 5  270     lb.  @    $0,042  $220 

36-in.  sluice  gates 6      @  263.00  1  580 

36-in.  cast-iron  pipe 65.3  tons  @     34.96  1630         3  430 


Power  tubes 3 3  640 

Railing 1000     lin.  f t. ' * @  "  Y. 75 .'.".'.'.*         1750 


Total  cost  of  dam $347  990 

Summary. 

Reservoir $292  310 

Dam 347  990 


$640  20c 


Total  cost  of  construction,  exclusive  of  land $489  350 

Engineering. 

Pay-roll $27  540 

Supplies • 3  560 

Expenses 2  230      $33  330 


Percentage  for  engineering 6.81 

The  item  for  engineering  needs  further  explanation.    Prior  to  1904, 
when  the  engineering  force  was  organized  for  carrying  on  the  work 
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of  construction,  and  extending  over  a  series  of  years  during  which  the 
preliminary  studies  of  the  dam,  the  surveys  of  the  reservoir,  and 
exploration  of  the  dam  site  v^^ere  made,  no  separate  account  was  kept 
of  the  cost  of  engineering,  it  being  included  in  the  general  engineering 
expenses  of  the  City.  After  the  writer  became  connected  with  the 
work,  he  made  an  attempt  to  ascertain  this  preliminary  cost,  but  was 
unable  to  do  so.  The  cost  of  engineering  given  in  Tables  5  and  6,  there- 
fore, does  not  include  this  preliminary  work,  but  does  include  the 
preparation  of  all  the  contract  drawings  and  specifications,  and  the 
engineering  expenses  during  the  full  period  of  construction. 

TABLE  6. — Cost,  per  Million  Gallons,  of  Scioto  Kiver  Stor- 
age Reservoir  and  Dam. 


Total 
cost. 

Cost,  per  Million  Gallons. 

Items. 

Total  capacity, 
1  730  000  000  gal. 

Available  capacity, 
1487  000  000  gal. 

Land 

$150  850 
141  3G0 
347  990 

$88 

82 

202 

$101 

Reservoir,  exclusive  of  land 

Dam 

95 
234 

Total,  exclusive  of  engineering 

$640  200 
33  330 

$372 
19 

$430 

Engineering . 

22 

Total 

$673  530 

$391 

$452 

Contractors,  and  Progress  of  Worh. — The  preparation  of  the  draw- 
ings and  specifications  was  begun  in  January,  1904.  The  main  con- 
struction work  was  practically  completed  by  December,  1905,  although 
some  work  of  minor  importance  was  done  in  1906.  The  principal  con- 
tracts for  the  work  were : 

Dam James  Westwater. 

Cement The  Kelley  Island  Lime  and  Transport  Com- 
pany. 

Sluice-gates Coffin  Valve   Company,   and   The  Michigan 

Brass  and  Iron  Works. 

Clearing  and  grubbing.  ..Hoover  and  Kinnear. 

Roads James  Westwater,  and  The  Buckeye  Engi- 
neering and  Construction  Company. 

Bridge Mt   V  ,.non  Bridge  Company. 
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THE  SCIOTO  KIVER  PUMPING  STATION  AND  WATER 
PURIFICATION   WORKS. 

TLe  Scioto  River  pumping  station  and  water  purification  works 
are  located  on  the  high  ground  on  the  north  bank  of  the  Scioto  River, 
about  4.5  miles  below  the  storage  dam  and  about  1  mile  above  the  old 
West  Side  Pumping  Station.  Plate  VIII  is  a  general  plan  of  the 
works,  and  on  Plate  IX  is  shown  more  in  detail  the  arrangement  of  the 
several  structures  and  the  layout  of  the  various  conduits  and  pipe  lines. 

Briefly  stated,  the  operation  of  the  works  is  as  follows:  The  raw 
water  is  drawn  from  the  river  through  an  intake  and  intake  conduit  to 
a  raw-water  suction  well  just  south  of  the  pumping  station.  From 
this  well  the  water  is  pumped  by  low-lift  pumps  to  the  purification 
works  where  it  is  softened  and  filtered,  passing  finally  through  the 
filtered-water  reservoirs  and  back  to  a  filtered-water  suction  well  just 
north  of  the  pumping  station.  From  this  well  the  water  is  pumped  by 
direct-service  pumping  machinery  through  two  lines  of  36-in.  cast-iron 
pipe,  about  4  900  ft.  in  length,  to  a  point  opposite  the  old  West  Side 
Pumping  Station  where  connections  are  made  with  the  existing  dis- 
tribution system. 

Capacity  of  WorTcs. — The  pumping  station  and  purification  works 

are   designed   for  extension   to   an   ultimate  net  normal   capacity  of 

40  000  000  gal.  per  24  hours.    At  present  the  pumping  station  has  a  net 

normal  capacity  of  20  000  000  gal.  per  24  hours,  but  the  building  is  of 

sufiicient  size  for  equipment  having  the  ultimate  net  normal  capacity. 

The   purification   works    at   present   have   a   net   normal   capacity   of 

30  000  000  gal.  per  24  hours,  but  have  been  arranged  so  that  extensions 

may  readily  be  made. 

Minor  Structures. 

Intake,  Gate-House,  and  Intake  Conduit. — The  intake,  on  the  river 
bank,  consists  of  a  low  concrete  head-wall  provided  with  coarse  screens, 
through  which  water  is  admitted  to  two  4-ft.  concrete  conduits  connect- 
ing with  the  screen-wells  in  the  gate-chamber.  Passing  through  a 
double  set  of  fine  brass  screens,  4  meshes  per  in.,  the  water  flows 
through  a  5-ft.  reinforced  concrete  intake  conduit  to  the  raw-water 
suction  well.  The  gate-chamber  is "BJirniOunted  by  a  small  brick  gate- 
house, 17  ft.  4  in.  square,  in  which  are  located  the  operating  stands  for 
controlling  the  sluice-gates  and  also  a  small  hand  traveling  crane  with 
an  electric  hoist  for  raising  and  lowering  the  screens  and  stop-planks. 
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Raw-Water  Suction  Well,  and  Diverting  Chamher. — The  raw -water 
suction  well  is  a  circular  concrete  structure,  13  ft.  in  diameter  inside 
and  34  ft.  deep.  From  the  well  to  the  pumping  station  three  30-in. 
cast-iron  suction  pipes  have  been  laid,  but  at  present  only  two  of  them 
have  been  arranged  to  supply  water  to  the  low-lift  pumping  machinery. 
The  level  of  the  water  in  the  suction  well  is  shown  by  an  indicator  in 
the  basement  of  the  engine-room. 

Connected  with  this  well,  also,  are  two  lines  of  24-in.  perforated 
cast-iron  pipe,  each  24  ft.  in  length  and  located  parallel  to  the  south 
wall  of  the  engine-room.  These  pipes  are  perforated  with  Ij-in.  holes, 
4  in.  apart  on  centers,  and  are  surrounded  by  layers  of  gravel  screened 
to  three  different  sizes.  Under  ordinary  conditions,  with  low  stages  of 
water  in  the  river,  the  sluice-gates  on  the  inner  ends  of  these  pipes  are 
closed,  but,  during  periods  of  high  water,  it  is  possible  to  throttle  the 
supply  from  the  river  and  to  open  these  gates  and  admit  ground-water, 
the  object  being  to  lower  the  ground-water  level  as  much  as  possible 
and  thereby  relieve,  to  a  certain  extent,  the  water  pressure  on  the  pipe 
gullets  in  the  basement  of  the  engine-room. 

By  reference  to  Plate  IX  it  will  be  seen  that  a  drain  from  the 
settling  basins  passes  down  the  east  side  of  the  pumping  station  and 
through  a  so-called  diverting  chamber.  A  3  ft.  6-in.  concrete  diverting 
conduit  connects  the  diverting  chamber  with  the  raw-water  suction 
well.  When  one  of  the  settling  basins  is  drained  for  cleaning,  the 
upper  10  or  12  ft.  of  water,  which  has  been  softened  and  settled,  can 
'be  first  drawn  off,  passing  down  the  settling-basin  drain  and  througli 
the  diverting  chamber  and  diverting  conduit  to  the  raw-water  suction 
well,  from  which  it  can  be  pumped  back  to  the  other  compartments  of 
the  settling  basins.  The  water  remaining  in  the  settling  basin  is  then 
drained  to  the  river.  An  overflow  weir  has  been  provided  in  the  divert- 
ing chamber  so  that  if  the  basin  when  full  should  be  drained  acci- 
dentally, before  the  gates  in  the  diverting  chamber  are  properly  set, 
the  water  would  be  discharged  over  this  weir  and  through  the  main 
drain  to  the  river,  thereby  preventing  the  flooding  of  the  grounds,  the 
capacity  of  the  weir  being  in  excess  of  that  of  the  settling-basin  drain. 

Filtered-Water  Suction  Well. — The  filtered-water  suction  well  is  a 
rectangular  concrete  structure,  15  ft.  wide,  24  ft.  long,  and  26  ft.  6  in. 
deep,  divided  into  three  separate  wells,  a  42-in.  cast-iron  suction  pipe 
from  each  extending  into  the  basement  of  the  engine-room.    At  present 
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only  two  of  the  suction  pipes  are  in  service,  the  third  being  provided 
for  a  future  pumping  engine.  Filtered  water  is  delivered  to  the  well, 
from  a  valve-chamber  in  the  purification  works,  through  a  5-ft.  rein- 
forced concrete  filtered-water  conduit,  the  valve-chamber  in  turn  being 
connected  with  the  filtered-water  reservoirs  by  two  lines  of  36-in.  cast- 
iron  pipe.  The  suction  well  is  tightly  roofed  over,  but  a  hooded  vent 
to  the  atmosphere  has  been  provided.  The  water  level  in  the  well  is 
shown  by  an  indicator  in  the  engine-room.  A  by-pass  from  the  dis- 
charge pipes  of  the  pumping  engines  connects  with  the  suction  well  for 
the  preliminary  operation  of  the  engines  prior  to  placing  them  in 
regular  service. 

Railroad  Spur  and  Bridge, — The  pumping  station  and  purification 
works  are  connected  with  the  Pittsburg,  Cincinnati,  Chicago  and  St. 
Louis  Kailroad  by  a  spur  built  on  an  embankment  and  terminating 
over  the  coal  pocket.  From  the  east  embankment  of  the  settling  basins 
to  the  coal  pocket  the  track  is  carried  on  a  deck  plate-girder  bridge, 
114  ft.  6  in.  long,  made  up  of  four  equal  spans.  The  piers  and  abut- 
ments are  of  concrete. 

Sewage  Disposal  Works. — The  sewage  from  the  pumping  station 
and  water  purification  works  is  cared  for  by  a  small  disposal  works 
on  the  bank  of  the  river  on  the  down-stream  side  of  the  low  dam  below 
the  intake.  As  built,  the  works  consisted  of  a  septic  tank  and  two 
intermittent  sand  filters.  When  the  disposal  works  were  designed  it 
was  known  that  they  would  be  flooded  by  high  water  in  the  river,  but 
it  was  expected  that  the  damage  could  easily  be  repaired.  The  un- 
usually high  flood  in  the  winter  of  1908-09,  however,  demonstrated 
that  it  would  be  better  not  to  attempt  to  repair  the  filters  each  time  they 
might  be  damaged,  and  their  use  has  been  abandoned.  In  lieu  of 
operating  the  filters,  it  is  proposed  to  sterilize  the  effluent  from  the  tank 
before  discharging  it  into  the  river. 

The  Pumping  Station. 

Building. 

Construction  of  Building. — The  pumping  station  building,  a  plan 
and  section  of  which  are  shown  on  Plates  X  and  XI,  covers  an  area  of 
147  ft.  6  in.  by  152  ft.  8  in.,  and  includes  an  engine-room,  boiler-room, 
coal  pocket,  coal  and  ash  tunnel,  store-room,  machine-shop,  lavatory. 
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locker-room,  and  office.  The  substructure,  throughout,  is  of  concrete, 
reinforced  with  twisted  steel  rods  where  necessary. 

The  superstructure,  with  the  exception  of  the  coal  pocket,  is  of 
steel-frame  construction,  the  roof  trusses  and  crane  runway  girders 
being  carried  on  steel  columns.  The  walls  are  of  brick  masonry,  faced 
outside  with  red  pressed  brick.  The  water-table,  belt-courses,  window- 
sills,  main  entrance,  and  similar  trim,  usually  of  cut  stone,  are  of 
concrete,  constructed  in  special  moulds,  with  carefully  finished  surfaces, 
and  present  a  very  attractive  appearance. 

The  engine-room  roof  is  of  slate  laid  on  3-in.  hollow  terra  cotta 
tile  supported  on  steel  tees,  which,  in  turn,  are  carried  by  the  rafters 
and  purlins.  The  under  side  of  the  tile  is  plastered  with  hard  wall 
plaster  and  painted.  The  roof  over  the  boiler-room  and  over  the  office, 
lavatory,  and  locker-rooms,  consists  of  slabs  of  reinforced  concrete, 
4  in.  thick,  resting  on  the  upper  chords  of  the  roof  trusses  and  on  the 
intermediate  framing.  On  the  concrete  is  laid  three-ply  roofing  felt, 
bedded  in  hot  asphalt,  which  in  turn  is  protected  by  vitrified  roofing 
tile,  f  in.  thick,  also  bedded  in  asphalt.  Expansion  joints  in  the  con- 
crete, flashed  with  corrugated  copper,  were  made  over  each  roof  truss. 
The  monitor  over  the  boiler-room  is  of  steel-frame  construction,  the 
walls  being  of  expanded  metal  and  plaster.  The  building  is  lighted 
throughout  by  electricity,  and  in  the  engine-  and  boiler-rooms,  in  addi- 
tion to  numerous  incandescent  lights,  arc  lights  are  used. 

Engine-Room. — The  engine-room  basement  is  67  ft.  wide,  139  ft. 
long,  and  17  ft.  6  in.  in  depth  below  the  main  gallery  floor.  The  "valls 
of  the  superstructure  are  set  back  6|  in.  The  total  height  of  the  v-oom 
from  the  basement  floor  to  the  ridge  of  the  roof  is  91  ft.  7|  in.  The 
basement  is  floored  over  only  at  the  south  end  for  a  width  of  about  15  ft, 
where  a  small  office,  the  generators,  and  the  switchboard  are  located. 
A  gallery,  5  ft.  wide,  extends  arour  ''  the  four  sides  of  the  room,  but, 
in  front  of  the  pumping  engines,  it  is  widened  out  to  cover  all  the 
space  between  the  engines  and  the  main  entrance.  The  pumping  en- 
gines are  reached  at  the  rear  by  bridges  connecting  with  the  engine- 
room  gallery.  The  walls  of  the  superstructure  are  faced  inside  with 
pressed  brick,  the  wainscot,  6  ft.  6  in.  high,  being  of  red  vitrified  brick, 
and  the  wall  above  of  light-buff  speckled  brick.  A  ladder  provides 
access  to  the  crane  cab. 

The  basement  is  reached  by  two  stairways,  one  between  the  pumping 
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engines  and  the  other  at  the  south  end  of  the  room.  Under  ordinary 
conditions,  the  ground-water  level  is  some  8  ft.  or  more  below  the  base- 
ment floor,  and  on  this  account,  and  considering  the  character  of  the 
construction  and  the  expense,  the  floor  was  not  water-proofed.  With 
long-continued,  extreme,  high  water  in  the  river,  seldom  likely  to  occur, 
the  ground-water  might  rise  to  such  an  extent  as  to  produce  an  upward 
pressure  on  the  floor.  To  provide  for  this  condition,  however,  open- 
ings, protected  with  gratings,  have  been  left  in  the  floor  to  relieve  the 
pressure,  and  equipment  has  been  provided  for  pumping  out  water 
which  may  find  its  way  into  the  basement.  The  walls  of  the  basement 
are  painted. 

Boiler-Room. — The  boiler-room  is  about  48  ft.  6  in.  wide,  109  ft. 
9  in.  long,  and  has  a  clear  height  of  29  ft.  2  in.  to  the  lower  chords  of 
the  roof  trusses.  The  floor  in  front  of  the  boilers,  over  the  coal  and 
ash  tunnel,  is  of  reinforced  concrete,  and,  between  the  track  and  the 
boiler  fronts,  it  is  protected  with  checkered  cast-iron  floor-plates.  The 
industrial  railway  in  the  boiler-room  is  made  up  of  cast-plate  track 
and  switches.  The  walls  of  the  room  are  lined  with  hard  red  brick. 
The  monitor  and  roof  trusses  were  designed  to  carry  a  coal  conveyor, 
if  it  should  be  found  desirable  to  install  one. 

The  coal  and  ash  tunnel  below  is  17  ft.  6  in.  wide  and  8  ft.  6  in. 
high  in  the  clear,  and  provides  ample  room  for  the  easy  loading  of  coal 
and  the  removal  of  ashes.  The  tunnel  is  reached  by  a  stairway  at  the 
south  end  of  the  boiler-room  and  also  by  a  hydraulic  elevator. 

Goal  Fochet. — The  coal  pocket,  which  is  all  above  ground,  is  26  ft. 
wide,  about  105  ft.  9  in.  long,  and  12  ft.  high  in  the  clear,  and  provides 
storage  for  800  tons  of  coal,  or  about  40  days'  supply  under  present 
conditions.  The  walls  are  of  concrete.  The  roof  is  of  combined  steel 
and  reinforced  concrete,  the  track  rails  being  carried  on  steel  I  -beams 
and  plate  girders  bedded  in  concrete.  The  thrust  due  to  starting  and 
stopping  cars  is  taken  up  by  the  concrete  columns  and  side-walls  and  by 
buttresses  at  the  ends.  Openings  in  the  roof  permit  of  using  either 
side-  or  bottom-dumping  cars.  Openings  in  the  floor  admit  coal  to 
the  chutes. 

MacJiine-Shop  and  Rooms  Above  and  Below. — The  machine-shop, 
located  just  south  of  the  boiler-room,  is  25  ft.  8  in.  wide  and  35  ft.  9  in. 
long,  and  will  be  fitted  up  for  small  repair  work  with  electrically- 
operated  machine  tools.     The  basement  below  the  machine-shop,  24  ft. 
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8  in.  wide  and  47  ft.  11  in.  long,  is  used  as  a  store-room  for  miscel- 
laneous supplies.  Above  the  machine-shop  is  the  main  office,  a  lavatory 
with  sanitary  conveniences  and  shower  baths,  and  a  locker-room 
furnished  with  expanded-metal  lockers. 

Chimney. — The  chimney  is  of  radial  brick  construction,  8  ft.  inside 
diameter  at  the  top  and  165  ft.  6  in.  high,  above  the  boiler-room  floor. 
A  fire-brick  lining  extends  up  about  42  ft.  above  the  top  of  the  flue 
opening.  The  foundation  is  of  concrete,  cored  out  to  save  material, 
and  extends  to  a  depth  of  26  ft.  10  in.  below  the  boiler-room  floor,  or  to 
the  same  depth  as  the  foundations  of  the  building  immediately  adjoin- 
ing.   The  superstructure  of  the  chimney  was  built  by  H.  E,.  Heinicke, 

Incorporated. 

]\Iachinery  and  Equipment. 

Pumping  Engines. — For  pumping  filtered  water  to  the  City  the 
present  equipment  includes  two  vertical,  triple-expansion,  pumping 
engines,  built  by  the  Holly  Manufacturing  Company,  and  operating 
on  direct  service.  Space  has  been  provided  for  a  third  engine.  Each 
machine  has  a  minimum  capacity  of  7  000  000  gal.,  a  maximum 
capacity  of  25  000  000  gal.,  and  a  normal  capacity  of  20  000  000  gal.  per 
24  hours,  against  a  total  head  of  205  ft. 

The  pumping  engines  are  of  the  single-A,  box-frame  type,  the 
engine  bed-plates  being  supported  directly  on  the  suction  and  discharge 
air  chambers.  The  steam  cylinders  are  28,  54,  and  80  in.  and  the 
water  plungers  30i  in.  in  diameter.  The  stroke  is  5  ft.,  and  the  piston 
speed  250  ft.  per  min.  at  normal  capacity. 

The  suction  pipe  is  42  in.  and  the  discharge  36  in.  in  diameter. 
Water  is  drawn  through  a  surface  condenser,  taking  the  entire  flow, 
into  the  suction  valve-chambers,  then  passes  through  the  pump  cylinders 
and  out  through  the  discharge  valve-chambers.  The  valve  decks  are 
vertical,  of  cast  steel,  the  valves  being  screwed  directly  into  the  decks. 
An  air  compressor  and  vacuum  pump  is  driven  by  the  main  engine,  and 
provision  has  been  made  for  the  addition  of  a  direct-connected  feed 
pump. 

Low-Lift  Pumps. — For  pumping  raw  water  to  the  purification 
works,  two  low-lift  pumping  units  have  been  installed,  space  being  left 
for  a  third.  Each  unit  consists  of  a  single-suction,  horizontal,  Worth- 
ington,  volute  pump,  with  26-in.  suction  and  discharge  nozzles,  direct- 
connected  to  a  12^  and  30  by  17-in.  horizontal,  tandem-compound,  con- 


i 


PLATE  XI. 

TRANS.  AM.  SOC    CIV.   ENGRS. 

VOL.  LXVII,  No.   1146- 

GREQORY  ON 

IMPROVED  WATER  AND  8EWAQE  WORKS 

AT  COLUMBUS,  OHIO 


SCIOTO  RIVER 

PUMPING  STATION 

SECTION  THROUGH 

ENGINE-ROOM, 

LOOKING  EAST 

Soalo  oC  Feet 


Filteied-Water  Suction  Well 


Raw-Water  Suction  Well 


IMPROVED  WATER  AND  SEWAGE  WORKS,   COLUMBUS,   OHIO       231 

densing,  four-valve,  Eleming  engine,  and  has  a  normal  capacity  of 
20  000  000  gal.  per  24  hours,  against  a  total  suction  and  discharge  head 
c£  43  ft.,  and  a  maximum  capacity  of  25  000  000  gal.  per  24  hours, 
against  a  total  head  of  45  ft. 

Generating  Units. — The  electrical  equipment  consists  of  two 
100-kw.,  250-volt,  direct-current,  Crocker-Wheeler  generators,  each 
direct-connected  to  an  11  and  21-in.  by  12-in.  vertical,  cross -compound. 
Shepherd  engine.  The  switch-board  is  of  marble,  and  has  two  genera- 
tor panels  and  one  feeder  panel,  with  the  usual  station  instruments 
and  with  integrating  watt  meters  on  the  lighting  and  power  circuits 
which  run  to  the  purification  works. 

Flushing  Pump. — For  flushing  out  the  settling  basins,  mixing 
tanks,  and  lime  saturators  of  the  purification  works,  raw  water  is  used, 
and  is  supplied  by  a  12  and  20-in.  by  15  by  15-in.  horizontal,  Worthing- 
ton,  compound,  direct-acting  pump  with  outside  center-packed  plungers. 
The  pump  has  a  normal  capacity  of  1  500  gal  per  min.  against  a  total 
head  of  140  ft.,  a  minimum  capacity  of  250  gal.  per  min.,  and  a 
maximum  capacity  of  2  000  gal.  per  min.  The  suction  of  the  pump  is 
connected  with  the  48-in.  discharge  pipe  from  the  low-lift  pumps  supply- 
ing raw  water  to  the  purification  works.  An  additional  suction,  ex- 
tending to  the  bottom  of  the  main  gullet,  has  also  been  provided  for 
use  in  case  the  automatic  sump  pump  should  be  out  of  service,  or 
should  the  condition  arise  whereby  a  relatively  large  quantity  of  water 
would  find  its  way  into  the  main  gullet,  due  either  to  an  accident,  or 
to  an  excess  of  ground-water,  as  previously  mentioned. 

Wash-Water  Pump. — Filtered  water  for  washing  the  filters  in  the 
purification  works  is  supplied  to  the  wash-water  tank  by  a  9  and  14-in. 
by  15  by  15-in.  horizontal,  Worthington,  compound,  direct-acting  pump, 
having  a  normal  capacity  of  1  300  gal.  per  min.  against  a  total  head 
of  60  ft.,  and  a  maximum  capacity  of  1  600  gal.  per  min.  The  pump 
is  controlled  automatically  by  the  level  of  the  water  in  the  wash-water 
tank,  starting  when  the  level  drops  to  Elevation  86.5  and  stopping  when 
the  level  reaches  Elevation  87.0.  The  suction  is  taken  from  a  main 
connected  with  the  suction  pipe  of  one  of  the  vertical,  triple-expansion 
pumping  engines. 

Boiler  Feed  Pumps. — The  boilers  are  fed  by  two  12  and  T^-in.  by 
10-in.  brass-fitted,  Worthington  pumps  of  the  duplex,  double-acting, 
outside-packed  plunger  type,  each  having  a  capacity  of  150  gal.  per 
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min.,  with  water  at  210°  Fahr.,  against  a  steam  pressure  of  115  lb. 
per  sq.  in.  Hot  water  is  ordinarily  supplied  to  the  pumps  from  an  open 
feed-water  heater,  but  a  separate  cold-water  supply  is  provided  for  use, 
when  the  heater  is  out  of  service. 

Independent  Surface  Condenser. — The  exhaust  steam  from  the  low- 
lift  pumping  units,  generating  units,  and  flushing  pump  is  piped  to  an 
independent  Worthington  surface  condenser  having  1  600  sq.  ft.  of  cool- 
ing surface.  The  condensation  is  discharged  by  an  8  and  14-in.  by 
10-in.  vertical,  fly-wheel,  suction-valveless,  vacuum  pump  to  the  open 
feed-water  heater.  The  circulating  pump  is  a  single-suction,  hori- 
zontal, Worthington,  volute  pump,  with  8-in.  suction  and  6-in.  discharge 
nozzles,  direct-connected  to  a  vertical,  single,  5  by  5-in.  Blake  engine. 
The  circulating  water  is  taken  from  a  main  connected  with  the  42-in. 
suction  pipe  of  one  of  the  vertical,  triple-expansion  pumping  engines, 
and  is  returned  to  the  suction  pipe  of  the  other  pumping  engine,  the 
connections  to  both  suction  pipes  being  between  the  filtered-water 
suction  well  and  the  valves  controlling  the  flow  through  the  suction 
pipes. 

Open  Feed-Water  Heater. — A  Cochrane,  open,  feed-water  heater, 
capable  of  raising  the  temperature  of  50  000  lb.  of  water  per  hour  from 
100°  to  210°  Fahr.,  receives  the  condensation  from  the  surface  con- 
densers of  the  vertical,  triple-expansion  pumping  engines,  from  the 
independent  surface  condenser,  and  from  the  various  steam  separators 
and  receivers,  and  also  the  exhaust  steam  from  the  wash-water  pump, 
the  independent  circulating  and  vacuum  pumps,  and  the  boiler  feed 
pumps.  The  feed-water  heater  serves  as  the  hot  well,  and  is  raised 
from  the  floor  of  the  engine-room  basement  so  as  to  produce  a  head  of 
about  4  ft.  on  the  suction  valves  of  the  boiler  feed  pumps. 

Sump  Pump. — As  the  basement  of  the  engine-room  is  too  low  to 
provide  natural  drainage  at  all  times,  a  sump  has  been  built,  at  the 
north  end  of  the  main  gullet,  which  receives  the  water  from  the  various 
drips  and  drains.  On  the  bottom  of  the  sump  is  placed  a  submerged 
3-in.,  Worthington,  vertical,  volute  pump  having  a  capacity  of  250  gal.  rj 
per  min.  against  a  head  of  20  ft.  The  pump  is  direct-connected  to  a 
220-volt,  enclosed,  5-h.p.,  Crocker-Wheeler  motor,  placed  2  ft.  above  the 
basement  floor  of  the  engine-room.  The  pump  and  motor  operate  auto- 
matically, starting  when  the  level  of  the  water  reaches  any  desired 
point  between  Elevations  29.0  and  32.0,  and  stopping  when  the  level 
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drops  to  Elevation  27.0.  The  water  is  discharged  into  a  drain  leading 
to  the  river. 

Boilers  and  Flue. — The  boiler-room  contains  four  300-h.p.,  Babcock 
and  Wilcox,  horizontal,  water-tube  boilers,  carrying  steam  at  160  lb. 
pressure.  Space  has  been  left,  and  the  foundations  built,  for  two  addi- 
tional boilers.  At  present  the  boilers  are  fitted  with  shaking  grates, 
and  are  hand-fired,  but  the  construction  is  such  that  mechanical 
stokers  can  be  added  when  desired.  The  ash-pits  are  arranged  with 
hopper  bottoms  below  the  level  of  the  boiler-room  floor,  and  are  pro- 
vided with  chutes  through  which  the  ashes  are  discharged  into  ash 
cars  in  the  coal  and  ash  tunnel.  Each  boiler  is  provided  with  a  hot- 
water  meter  on  the  feed  pipe,  and  an  automatic  stop  check-valve  on  the 
steam  nozzle,  in  addition  to  the  regular  gate-valve. 

The  flue,  the  maximum  section  of  which  is  5  ft.  wide  and  12  ft. 
high,  is  of  brick  masonry,  12  in.  thick,  and  is  supported  on  steel 
I-beams.  The  floor  of  the  flue  is  arched,  and  in  the  roof  the  brick- 
work is  carried  on  steel  tees.  The  draft  is  controlled  by  a  damper  and 
automatic  damper  regulator. 

Steam  Distribution. — In  the  steam  supply  lines  a  modified  unit 
system  of  piping  has  been  followed.  The  steam  header  is  divided  by 
double  valves  into  two  sections,  the  northerly  section  being  over  one 
battery  of  boilers  and  the  southerly  section  over  the  other  battery. 
Ordinarily,  the  valves  are  open.  From  one  boiler  in  a  battery  a  direct 
line  is  run  to  one  vertical,  triple-expansion,  pumping  engine,  a  branch 
connecting  with  the  header,  and  from  the  other  boiler  a  direct  line  is 
run  to  each  pair  consisting  of  one  low-lift  pumping  unit  and  one 
generating  unit,  a  branch  from  this  line  also  connecting  with  the 
header.  The  other  section  of  the  header  is  similarly  connected  with 
the  other  pumping  engine  and  low-lift  pumping  and  generating  units. 
Separate  lines,  run  from  each  section  of  the  header,  supply  steam  to 
the  boiler  feed  pumps,  the  lines  being  cross-connected,  with  double 
valves,  in  the  engine-room.  Steam  for  the  flushing,  wash-water,  and 
independent  circulating  and  vacuum  pumps  is  taken  from  the  lines 
supplying  the  boiler  feed  pumps. 

Piping  and  Valves. — All  cold-water  pipes  4  in.  in  diameter  and 
greater  are  of  cast  iron;  if  less  than  4  in.  they  are  of  wrought  iron, 
galvanized.  Steam  pipes  greater  than  2  in.  are  of  wrought  iron  with 
rolled-steel  flanges.    Steam  and  hot  water  pipes  less  than  2  in.,  and  the 
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boiler  feed  pipes,  are  of  brass.  Exhaust  pipes  6  in.  and  greater  are  of 
cast  iron;  if  less  than  6  in.,  they  are  of  wrought  iron.  The  drips  from 
the  exhaust  separators  are  collected  in  two  cylindrical  tanks  which, 
when  full,  automatically  sound  a  high-water  alarm.  The  tanks  are 
then  blown  off  to  the  sump  at  the  end  of  the  main  gullet. 

The  gate-valves  in  the  30-in.  discharge  pipes  of  the  low-lift  pumps, 
and  in  the  42-in.  suction  and  36-in.  discharge  pipes  of  the  pumping 
engines,  are  of  the  Coffin  make,  electrically-operated,  but  designed  so 
that  they  may  be  opened  or  closed  by  hand  if  desired.  No  foot-valves 
or  gate-valves  have  been  placed  on  the  suction  pipes  of  the  low-lift 
pumps,  the  valve  in  the  discharge  pipe  being  closed  when  a  pump  is 
not  running.  Each  set  of  electrically-operated  valves  is  controlled  from 
a  marble  switch-board  or  panel  fitted  with  controllers  and  indicators. 
The  gate-valves  on  the  steam  lines  and  on  water  lines,  other  than 
those  just  mentioned,  are  of  the  Crane  make,  fitted  with  rising  stems, 
those  2-in.  and  greater  having  outside  screws  and  yokes.  All  valves 
except  a  few  of  the  small  ones  are  flanged. 

Water  Meters. — All  water  is  metered.  The  raw  water  pumped  to 
the  purification  works  passes  through  a  48-in.  Venturi  meter,  an  indi- 
cator and  chart  recorder  being  placed  in  the  head-house  of  the  purifica- 
tion works,  and  a  register  and  manometer  in  the  pumping  station.  All 
the  filtered  water  pumped  by  the  pumping  engines  passes  through  a 
48-in.  Venturi  meter,  the  register  and  manometer  for  this  meter  also 
being  in  the  pumping  station.  Eor  supplying  filtered  water  for  the 
pumping  station  and  purification  works,  a  line  connecting  with  the 
force  mains  below  the  Venturi  meter  is  run  back  into  the  pumping 
station,  where  several  branches  are  taken  off,  with  a  meter  in  each, 
supplying,  respectively,  the  boiler  feed  make-up,  the  hydraulic  elevator, 
the  plumbing  and  other  fixtures  in  the  building,  the  purification  works, 
and  the  wash-water  tank.  The  line  last  mentioned  provides  another 
means  of  supplying  filtered  water  to  the  wash-water  tank,  and  is  used 
when  the  wash- water  pump  is  not  running,  the  flow  being  controlled 
automatically  by  a  Golden- Anderson,  altitude  valve. 

Coal  and  Ash  Handling  Equipment. — For  handling  coal  and  ashes, 
a  Hunt  industrial  railway  has  been  installed  in  the  coal  pocket,  boiler- 
room,  and  coal  and  ash  tunnel.  Ordinarily,  the  coal  is  drawn  from 
the  coal  pocket,  through  chutes  and  hand-operated  outlet-valves,  into 
charging  cars   in  the   tunnel.     The   cars   are  raised  by  a   direct-lift, 
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hydraulic  elevator  to  the  boiler-room  floor,  and  then  pass  over  a  boiler- 
room  track  scale.  At  times,  coal  is  also  loaded  by  hand  and  run  directly 
from  the  coal  pocket  into  the  boiler-room.  The  ashes  are  raked  out  into 
tip  cars  in  the  tunnel  which  are  then  taken  out  through  the  boiler-room 
and  run  over  a  track  to  the  ash-dump  where,  for  the  present,  they  will 
be  used  in  filling  up  an  old  gravel  pit  in  front  of  the  pumping  station. 
The  boiler-room,  coal  pocket,  and  tunnel  have  been  designed  so  that  an 
elevated  coal  bunker  and  conveyors  can  be  added  if  desired,  but,  as  the 
boilers  at  present  have  a  total  capacity  of  only  1  200  h.p.,  it  was  con- 
sidered that  the  expense  of  this  additional  installation  was  hardly 
warranted. 

Crane. — The  engine-room  is  provided  with  a  20-ton,  Case,  electric 
crane  having  a  span  of  68  ft.  10  in.  and  a  travel  the  full  length  of  the 
room.  The  crane  is  fitted  with  220-volt,  slow-speed  motors.  With  full 
load,  the  hoist  has  a  speed  of  12  ft.,  the  trolley  100  ft.,  and  the  bridge 
200  ft.  per  min.,  and  a  total  lift  of  57  ft. 

The   Water   Purification   Works. 

In  the  description  of  the  water  purification  works,  which  follows, 
it  should  be  noted  that  the  problem  of  purifying  the  water  was  not 
simply  one  of  filtration,  but  of  softening  and  filtration  combined,  and 
has  required,  therefore,  not  only  mechanical  filtration  works,  but  soften- 
ing works  in  addition.  It  should  also  be  borne  in  mind  that  the  Scioto 
River  water  is  hard  and  at  times  highly  turbid,  and,  in  periods  of  flood, 
changes  its  character  very  rapidly  from  hour  to  hour,  one  especially 
troublesome  feature  being  a  very  rapid  increase  in  turbidity  with  a 
correspondingly  rapid  decrease  in  hardness.  The  works  have  been 
designed  to  meet  these  conditions,  and  it  is  on  this  account  that  varioi^s 
features  of  the  work  are  somewhat  different  from  ordinary  standard 

practice.  ^^     ,  ^^ 

Head-House. 

The  head-house,  where  some  of  the  most  important  phases  in  the 
operation  of  the  water  purification  works  are  controlled,  is  located 
practically  in  the  center  of  the  purification  works.  The  raw  water 
pumped  from  the  river  is  first  received  in  the  substructure  of  this  house, 
which  is  essentially  a  large  gate-chamber. 

The  superstructure  is  a  three-story  building,  on  the  first  floor  of 
which  are  located  the  devices  for  controlling  the  flow  of  water  through 
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Jae  substructure,  the  regulators  for  controlling  the  rate  of  application 
of  the  chemical  solutions,  the  air  compressor,  and  the  motors  for  driving 
the  stirring  machinery  of  the  lime  saturators.  Access  is  also  had  from 
this  floor  to  the  saturator-house,  storage-house,  offices  and  laboratories, 
and  filter  gallery,  and  also  to  the  gate-house  by  means  of  an  under- 
ground passageway.  The  second  floor  is  given  up  entirely  to  nine  large 
tanks  in  which  the  chemical  solutions  are  stored,  and  the  dissolving 
and  slaking  tanks  are  on  the  third  floor.  Sections  through  the  head- 
house  are  shown  on  Fig.  9. 

Substructure. — The  substructure  of  the  head-house,  which  is  of 
more  or  less  complicated  design,  and  is  built  of  concrete  reinforced 
at  points,  is  shown  in  detail  on  Plate  XIII. 

The  operation  will  be  best  understood  by  following  the  flow  of  the 
water.  The  raw  water  is  first  admitted  to  the  raw-water  channel,  along 
each  side  of  which  are  located  the  so-called  head-house  weirs.  One 
portion  of  raw  water  passes  over  the  lime  weir,  where  milk  of  lime  is 
added  to  it,  and  then  flows  to  the  lime  saturators  where  it  is  converted 
into  lime-water.  E-eturning  from  the  saturators  the  lime-water  passes 
through  two  lime-water  pipes  into  the  two  large  raw-water  chambers. 

A  second  portion  of  raw  water  passes  over  the  raw-water  weirs  into 
the  two  raw-water  chambers  just  mentioned,  where  it  mixes  with  the 
lime-water,  the  two  then  flowing  into  the  mixing  tanks. 

A  third  portion  of  raw  water  passes  over  the  soda  weir,  where  a 
solution  of  soda  ash  is  added,  after  which  tlie  raw  water  and  soda 
solution  flows  out  through  the  soda  channel  and  thence  into  the  mixing 
tanks  at  the  points  shown  on  Plate  XVI,  where  it  mixes  with  the  raw 
water  already  treated  with  lime-water. 

Returning  from  the  mixing  tanks,  where  the  softening  reactions 
largely  take  place,  the  water  passes  in  the  softened-water  conduit  back 
through  the  head-house  and  out  to  the  settling  basins,  from  which  it 
returns  through  the  head-house  again,  this  time  in  the  settled-water 
conduit,  and  passes  to  the  filter  gallery. 

In  addition  to  the  weirs  just  mentioned,  a  fourth  weir,  known 
as  the  settling-basin  weir,  has  been  provided,  over  which,  when  desired, 
raw  water  from  the  raw-water  channel  can  be  discharged  into  a 
chamber  and  thence  through  a  24-in.  pipe  out  through  the  main  divid- 
ing wall  of  the  settling  basins,  the  object  being  to  admit  a  small 
quantity  of  raw  water  to  the  softened  water  prior  to  filtration,  in  order 
to  eliminate  traces  of  caustic  alkalinity. 
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Provision  has  also  been  made  in  the  substructure  of  the  head-house 
to  by-pass  the  mixing  tanks,  as  will  be  seen  by  referring  to  Plate  XIII, 
raw  water  being  admitted  directly  from  one  of  the  raw-water  chambers 
through  a  4  by  5-ft.  sluice-gate  into  the  softened-water  conduit  leading 
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Storage-House 


Head-House 
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to  the  settling  basins.  Further,  by  a  combination  of  stop-plank  open- 
ings in  the  east  end  of  the  main  dividing  wall  of  the  settling  basins, 
as  shown  on  Plate  XVII,  it  is  possible  to  by-pass  the  settling  basins,  the 
water  flowing  from  the  softened-water  conduit  into  the  settled-water 
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conduit  and  thence  to  the  filter  gallery.  In  the  latter  case,  coagulant 
would  be  added  to  the  raw  water  through  a  grid  placed  in  the  settled- 
water  conduit,  as  shown  on  Plate  XIII.  It  is  probable  that,  if  both 
mixing  tanks  were  shut  off,  no  attempt  would  be  made  to  soften  the 
water  during  such  time  as  the  tanks  were  out  of  service. 

To  prevent  flooding  the  first  floor  of  the  head-house,  if  by  accident 
the  openings  through  which  water  would  normally  flow  into  the  lime 
saturators  and  mixing  tanks  should  be  closed,  two  overflows  have  been 
placed  on  the  south  side  of  the  raw-water  channel  over  which  the  water 
would  flow  into  two  chambers  connecting  with  the  softened-water  con- 
duit and  thence  to  the  settling  basins  where  it  would  be  cared  for  by 
another  set  of  overflows  connecting  with  the  drain  running  to  the  river. 
If,  however,  the  settling  basins  were  shut  off  from  the  head-house,  the 
overflows  last  mentioned  would  be  of  no  service,  and,  to  prevent  flood- 
ing, it  would  require  that  the  filters  be  operated  at  such  a  rate  as  to 
care  for  all  the  raw  water  pumped  into  the  head-house.  This  latter 
condition  is  seldom  likely  to  arise,  and  then  only  for  short  periods  of 
time,  and,  with  a  little  added  care  on  the  part  of  the  filter  attendant, 
no  trouble  should  be  experienced. 

The  lower  part  of  the  substructure  is  reached  from  the  first  floor  by 
a  stairway,  at  the  foot  of  which  passageways  lead  to  the  blow-off  gal- 
leries of  the  lime  saturators  and  mixing  tanks  and  to  the  spiral  stair- 
case in  the  main  dividing  wall  of  the  settling  basins. 

Head-House  Weirs. — With  the  exception  of  the  settling-basin  weir, 
the  head-house  weirs  are  adjustable,  by  movable  flash-boards,  from  a 
fixed  minimum  to  the  maximum  length.  The  settling-basin  weir  is 
adjustable  for  its  full  length.  Each  flash-board  consists  of  a  plate  held 
on  the  outer  end  of  an  arm  pivoted  on  a  horizontal  shaft,  the  arm, 
and  thereby  the  plate,  being  raised  or  lowered  by  a  rod  extending  up 
through  the  floor  above.  The  total  length  of  the  head-house  weirs  is 
56  ft.  10  in.,  but,  of  this  length,  it  was  expected  that  only  45  ft.  10  in., 
equal  to  100%,  would  be  in  use  at  any  one  time.  Each  flash-board, 
with  the  exception  of  two  which  have  a  width  of  2|  in.,  has  a  width  of 
5^  in.,  corresponding  to  1%  of  the  45  ft.  10  in.  The  dimensions  of  the 
weirs  as  built  are  given  in  Table  7. 

The  rods  operating  the  flash-board  arms  are  held  in  guides,  each 
gride  being  provided  with  a  locking  device,  so  that,  after  the  weirs  are 
properly  adjusted  for  any  condition  of  the  raw  water,  the  adjustment 


ri_M  I   C    AIV. 

TRANS.  AM.   SOC.   CIV.  ENGRS. 

VOL.  LXVII,   No.   1146. 

GREGORY  ON 

IMPROVED  WATER  AND  SEWAGE  WORKS 

AT  COLUMBUS,  OHIO. 


w" "w'li       """T  "T^^^^^^^^^B 

«■■■ 

i                            ^^^H 

'MH 

'  ^^             ^^B 

'  ^M 

^^H 
^^H 

^^oH 

i'  ^'l||tfN^^H 

^H 

r^-n'^H 

mH 

1^^^^^^^^ 

''i^^^H 

■ f^^^^^^^B 

^^^^^^^1 

■«i-i 

-^IP  H 

H^rbi^H 

;  IFm 

I^^^^^^^^^H 

Hv  .j^^^^l 

1  '^j^^^H 

Kr  j^^^H 

'''■   ^^^^^^^1 

>M  ^^^^^^^H 

11                J^^^^H 

'  Ulll^^^^^^^l 

^:.i^^^H 

}  ■     '  V.  ;  i   i    > .  s^^^^^^^^^m 

'^.^^^^Ib^^I 

w                                     l^^^^^^^^^^^^^H 

liiil'm^^^^^^Hll^^^H 

■n                  ,    ■  !  l^^H^^^H 

RBb^^^^^^^^^^^H 

':!  :j\i  F  ^H 

|^!<^-^^ 

i'lJi'iY      JH.2'''H 

IMl>ROVED  WATER  AND  SEWAGE  WORKS,   COLUMBUS,   OHIO       239 

cannot  be  changed  without  the  knowledge  of  the  person  in  responsible 
charge  of  the  shift  on  duty.  With  a  flow  of  30  000  000  gal.  per  24  hours, 
the  head  on  the  weirs  would  be  about  0.45  ft.,  and  about  0.55  ft.  with 
a  flow  of  40  000  000  gal.  per  24  hours. 

TABLE  7. — Dimensions  of  Head-House  Weirs. 


Net  length  in  use,  45  ft.  10  in. 


100  per  cent.      1%  =  5^  in. 


Fixed  Portion. 

A  DJDSTABLE  PORTION. 

Total. 

Weir. 

4-1 
o   . 

Length. 

(D  O 

Length. 

Length. 

Lime  

11 

50 

15 

0 

5  ft.    Oh  in. 
22  ft.  irin. 

6  ft.  lOi  in. 

0 

13 
15 

10 
10 

5  ft.  in  in. 

6  ft.  10|  in. 
4  ft.    7  in. 
4  ft.    7  in. 

24 

65 
25 
10 

11  ft.    0  in. 

Raw  water 

29  ft.    9^  in. 

Soda 

11  ft.    5i  in. 

Settling  basin  

4  ft.    7  in. 

Total 

76 

34  ft.  10  in. 

48 

22  ft.    0  in. 

124 

56  ft.  10  in. 

When  the  works  were  designed  it  was  thought  that  sufficient  ad- 
justment in  the  length  of  the  several  weirs  had  been  provided  to  meet 
the  varying  conditions  which  were  likely  to  arise,  but  it  has  been  found, 
as  a  result  of  the  operation  of  the  works  during  the  last  vear,  that 
greater  adjustment  is  necessary,  and  it  is  proposed  to  modify  the  con- 
struction accordingly. 

Dissolving  TanJcs. — For  dissolving  the  soda  ash  and  coagulant,  four 
tanks  have  been  provided,  two  for  each  chemical.  The  tanks  are  of 
concrete,  rectangular  in  plan,  5  ft.  long,  3  ft.  wide,  and  2  ft.  8  in.  deep. 
In  the  coagulant  tanks  the  material  to  be  dissolved  is  placed  on  a  screen 
raised  3  in.  above  the  floor  of  the  tank,  covering  the  whole  width,  and 
extending  nearly  to  each  end  of  the  tank.  At  the  inlet  end  a  baffle 
extends  from  the  top  of  the  tank  to  the  bottom  of  the  screen,  and  at 
the  outlet  end  another  baffle  extends  from  the  bottom  of  the  tank  to 
within  8  in.  of  the  top,  above  which  is  placed  a  screen.  Water,  which 
can  be  heated  by  steam  if  desired,  is  admitted  back  of  the  inlet  baffle, 
passes  down  and  under  the  horizontal  screen,  then  up  through  the 
material  to  be  dissolved  and  off  through  the  screen  over  the  outlet  baffle. 
The  outlet  from  the  tank  is  also  protected  by  a  removable  cylindrical 
screen,  3i  in.  in  diameter  and  2  ft.  2  in.  long.    The  baffles  and  screens 
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are  of  copper.  In  the  soda  tanks  the  arrangements  are  in  general 
similar,  except  that  the  false  bottom,  originally  provided,  has  been 
removed  and  replaced  with  an  ejector- type  heater  to  produce  suitable 
circulation  of  the  liquid  in  the  tank. 

Soda  and  Coagulant-Solution  Tanks. — The  soda  and  coagulant  solu- 
tions are  stored  temporarily  in  six  large  cylindrical  tanks,  three  for 
each  solution.  The  tanks  are  of  reinforced  concrete,  12  ft.  6  in.  in 
diameter  and  11  ft.  5  in.  deep.  The  piping  from  the  dissolving  tanks 
is  arranged  so  that  either  or  both  of  the  dissolving  tanks  for  one  of  the 
chemicals  can  discharge  into  any  or  all  of  the  three  solution  tanks  for 
the  same  chemical.  Separate  water  connections  are  made  for  each  solu- 
tion tank,  so  that  solutions  of  the  required  strength  can  be  made  up. 
Compressed  air  is  used  for  agitation,  to  prevent  stratification  of  the 
solutions. 

Lime-Slaking  and  Solution  Tanks. — The  three  lime-slaking  tanks 
are  of  reinforced  concrete,  and  are  6  ft.  in  diameter  and  2  ft.  S  in. 
deep.  The  lime  and  water  are  stirred,  during  the  process  of  slaking, 
by  vertical  rakes  carried  on  horizontal  arms  and  driven  through  gearing 
and  a  silent-running  high-speed  chain  by  a  220-volt,  l^-h.p.  Crocker- 
Wheeler,  variable-speed  motor.  After  the  lime  is  slaked,  the  tank  is 
discharged  into  a  so-called  lime-solution  tank  below,  where,  by  the 
addition  of  more  water,  milk  of  lime  of  the  required  strength  is  made 
up.  There  are  three  reinforced  concrete  lime-solution  tanks,  each 
12  ft.  6  in.  in  diameter  and  11  ft.  5  in,  deep.  The  milk  of  lime  is 
agitated  by  a  vertical  shaft  and  horizontal  paddles  driven  from  the 
motor  which  operates  the  stirring  rakes  in  the  slaking  tank. 

Chemical  Feed  Regulators. — The  chemical  solutions  are  fed  auto- 
matically in  proportion  to  the  quantity  of  raw  water  pumped  into  the 
head-house,  this  being  accomplished  by  a  speciaUy  designed  chemical 
feed  r^ulator,  provided  in  duplicate,  and  operated  by  the  difference 
in  head  on  the  up-stream  end  and  throat  of  the  48-in.  Venturi  meter 
located  in  the  raw-water  force  main  just  outside  of  the  head-house. 

Air  Equipment. — Air,  for  use  in  washing  the  filters,  is  furnished 
by  a  Bury  air  compressor,  placed  on  the  first  floor  of  the  head-house. 
It  has  a  rated  capacity  of  100  cu.  ft.  of  free  air  per  min.  compressed  to 
a  gauge  pressure  of  60  lb.  per  sq.  in.,  and  is  driven  by  a  15-h.p.,  220-volt, 
Crocker- Wheeler  motor.  The  compressed  air,  prior  to  use  in  washing, 
is  stored  in  three  tanks  supported  in  the  roof  trusses  of  the  saturator- 
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house,  each  tank  being  6  ft.  in  diameter  and  30  ft.  long,  and  built  of 
i-in.  riveted  steel  plate.  An  8-in.  air  pipe  runs  from  the  air  tanks  to 
the  filter  gallery,  and,  in  this  line,  as  it  passes  through  the  head-house, 
is  placed  an  oil  separator  and  a  Foster  pressure-reducing  valve,  which 
maintains  a  practically  constant  pressure  of  from  2  to  4  lb.  per  sq.  in. 
on  the  outlet  side  as  may  be  desired.  The  air  tanks  are  of  sufficient 
capacity  to  permit  one  filter  being  washed  about  every  If  hours,  for 
about  3  min.,  at  a  maximum  rate  of  3  cu.  ft.  per  sq.  ft.  per  min. 

Saturator-House. 

The  six  lime  saturators  are  in  a  wing  of  the  main  buildings  just 
south  of  the  head-house,  and  are  shown  in  detail  on  Plate  XV.  Raw 
water,  to  which  a  solution  or  sus- 
pension of  milk  of  lime  has  been 
added  in  the  head-house,  is  brought 
out  through  the  middle  conduit 
in  the  main  dividing  wall,  and 
passes  into  each  saturator  through 
a  20-in.  cast-iron  pipe,  branching 
into  four  10-in.  pipes.  Rising 
slowly  through  the  saturators, 
lime-water  is  produced  and  flows 
over  the  weirs  into  the  lime-water 
channel  and  thence  back  to  the 
head-house  and  into  the  two  large 
raw-water  chambers,  where  it 
mixes  with  the  bulk  of  the  raw 
water  which  is  to  be  softened. 

The  saturators  were  designed 
for  a  maximum  upward  velocity 
of  about  10  ft.  per  hour  and  to 
produce  a  total  of  about  6  750  000 
gal.  of  lime-water  per  24  hours. 

Construction  of  Tanks. — The 
saturators  are  of  concrete,  heavily 
reinforced,  each  tank  being  25  ft. 
square     and    20    ft.     deen       The         isometric  sectional  elevation 

,  ^'  SHOWING   EXPANSION  JOINT. 

bottom,    of    each    saturator    is    in  Fig  iq 


242       IMPROVED  WATER  AND  SEWAGE   WORKS,   COLUMBUS,   OHIO 

the  form  of  four  inverted  cones,  in  the  center  of  each  of  which  is  a 
6-in.  outlet  for  blowing  off  sludge.  These  outlets  connect  with  pipes 
running  to  the  drain  below  the  floor  of  the  blow-ofl  gallery,  the  end 
of  each  blow-ofl  pipe  being  provided  with  an  8-in.,  quick-opening, 
circular  sluice-gate  with  lever  handle.  Each  6-in.  outlet  is  fitted  with 
a  loose  disk  or  valve,  operated  from  the  top  of  the  main  dividing  wall, 
so  that  the  four  inverted  cones  may  be  blown  off  separately. 

Stirring  Machinery. — To  prevent  the  deposition  of  the  lime,  and 
to  insure  thorough  mixing  of  the  lime  solution  with  the  water,  the 
liquid  in  the  saturator  is  agitated  slightly.  The  agitators,  of  which 
there  are  four  to  each  saturator,  consist,  at  the  bottom,  of  conical 
hoods,  4  ft.  in  diameter,  of  ^-in.  steel  plate,  and  carrying  two  arms  or 
paddles.  The  paddles  are  set  up  about  2  in.  from  the  surface  of  the 
conical  bottom,  and  revolve  slowly  at  a  speed  varying  from  3  to  4| 
rev.  per  min.,  as  may  be  desired.  Paddles  are  also  provided  on  the 
vertical  shafts. 

The  agitators  are  driven  by  vertical  hollow  shafts  of  2-in.  wrought- 
iron  pipe,  which  in  turn  derive  their  motion  through  bevel  gearing 
and  countershafts.  A  line  shaft,  hung  from  the  lower  chord  of  the 
roof  trusses,  is  belted  to  the  countershafts  and  to  a  jack-shaft.  The 
agitators  for  each  saturator  are  controlled  by  friction  clutches  on  the 
line  shaft.  The  jack-shaft  is  driven  through  a  silent-running,  high- 
speed, Morse  chain  by  a  7i-h.p.,  variable-speed,  220-volt,  Crocker- 
Wheeler  motor.  The  motors  for  driving  the  machinery  are  in  dupli- 
cate, and  are  located  in  the  head-house. 

Storage-House  and  Mixing  Tanks. 

The  storage-house  and  mixing  tanks,  the  details  of  the  latter  being 
shown  on  Plate  XVI,  are  in  a  wing  of  the  main  building  just  north  of 
the  head-house,  the  southerly  portion  of  the  mixing  tanks  being  directly 
below  the  storage-house.  There  is  a  railroad  spur  on  each  side  of 
the  storage-house,  the  doors  being  spaced  so  that  six  cars  may  be  set 
at  one  time  for  unloading. 

Storage-House. — The  storage-house  consists  of  one  large  room,  69 
ft.  8  in.  wide  and  105  ft.  long,  and  is  used  for  the  storage  of  the  chem- 
icals used  in  the  softening  and  purification  processes.  The  floor  of  the 
storage-house,  which  serves  also  as  the  roof  for  that  portion  of  the 
mixing  tanks  situated  below,  is  designed  for  a  live  load  of  500  lb.  per 
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sq.  ft.,  and,  on  this  basis,  allow- 
ing space  for  the  unloading  and 
handling  of  the  chemicals,  the 
house  has  a  maximum  storage 
capacity  of  900  tons,  or  about 
20  carload  lots. 

The  chemicals  are  handled  in 
bags,  each  containing  a  net 
weight  of  100  lb.  From  the 
floor  of  the  storage-house  the 
bags  are  transported  by  a  Jeffrey 
apron  conveyor  to  the  third  floor 
of  the  head-house,  where  the  solu- 
tions are  made  up.  The  con- 
veyor, which  is  in  the  center  of  ISOMETRIC 
the  storage-house  and  extends 
nearly  its  full  length,  is  driven 
by  an  18-h.p.,  Crocker- Wheeler  enclosed  motor,  and  has  a  maximum 
carrying  capacity  of  12  bags  per  min.  when  running  at  a  speed  of 
50  ft.  per  min. 

Mixing  Tanks. — The  two  mixing  tanks,  in  which  the  softening 
reactions  largely  take  place,  are  of  peculiar  construction,  as  they  are 
highly  baffled,  the  arrangement  of  the  baffles  being  such  as  to  tend  to 
prevent  sedimentation  and  keep  the  solids  in  suspension  rather  than 
to  assist  sedimentation.     The  operation  of  the  tanks  is  as  follows: 

Raw  water,  to  which  lime-water  has  been  added  in  the  two  large 
raw-water  chambers  in  the  head-house,  enters  the  tanks  at  the  surface 
at  the  southerly  end.  Passing  vertically  downward,  it  is  deflected 
under  the  first  baffle,  then  rises  vertically,  passing  over  the  second 
baffle,  then  downward  again,  and  so  on.  Another  portion  of  raw  water, 
to  which  the  soda  solution  has  been  added  in  the  head-house,  flows  out 
through  the  channel  in  the  upper  part  of  the  dividing  wall,  and  is 
then  deflected  laterally  into  two  small  channels  over  the  down-stream 
edges  of  which  it  falls  into  the  raw  water  to  which  the  lime-water  has 
already  been  added.  From  this  point  on,  the  raw  water,  which  has  now 
been  treated  with  both  lime  and  soda  ash,  flows  through  the  tanks  to 
the  outlets,  the  mixture  of  the  raw  water  with  the  lime-water  and 
soda  solution  being  ensured  by  the  high  degree  of  baffling. 
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Under  normal  conditions,  when  treating  30  000  000  gal.  per  24 
hours,  a  period  of  about  1  hour  will  be  required  for  the  water  to  pass 
through  the  mixing  tanks.  Provision  has  also  been  made  so  that  the 
water  may  be  drawn  off,  if  desired,  when  it  has  passed  either  one-half 
or  three-quarters  of  the  way  through  the  tanks.  When  treating 
30  000  000  gal.  per  24  hours  the  mean  velocity  through  the  tanks  is 
about  0.37  ft.  per  sec.  and  about  0.5  ft.  per  sec.  when  treating  40  000  000 
gal.  per  24  hours. 

As  designed,  the  tanks  were  intended  to  be  operated  in  parallel 
only,  but  it  has  been  found  desirable  at  times  to  operate  them  in  series, 
that  is,  to  pass  the  water  up  through  one  tank  and  back  through  the 
other.  This  can  be  accomplished  by  the  use  of  temporary  bulkheads,  but 
changes  in  the  construction  are  contemplated  so  that  this  method  of 
operation  may  be  easily  permitted  when  desired. 

The  tanks,  which  are  constructed  throughout  of  concrete,  rein- 
forced where  necessary,  are  each  204  ft.  6  in.  long  and  25  ft.  wide,  and 
have  a  water  depth  of  a  little  more  than  20  ft.,  depending  on  the  quan; 
tity  of  water  passing  through.  The  baffles  are  6  in.  thick,  and  are  3 
ft.  from  center  to  center,  the  68  chambers  or  pockets  formed  by  the 
lower  baffles  being  drained  by  6-in.,  quick-opening  sluice-gates  which 
discharge  into  the  drain  in  the  bottom  of  the  main  dividing  wall. 

As  the  baffles  were  not  designed  to  withstand  water  pressure  on 
one  side  only,  each  lower  baffle  is  fitted  with  two  2  by  3-ft.  rectangular 
flap-gates,  hung  on  bronze-mounted  hinges  and  swinging  in  openings 
through  these  baffles,  the  gates  being  heavy  enough  to  keep  the  open- 
ing closed  when  water  is  flowing  through  the  tanks  under  the  ordi- 
nary conditions  of  service,  but  swinging  open  under  a  slight  differ- 
ence of  head  on  the  two  sides  of  the  baffle  caused  by  the  opening  of 
the  6-in.  blow-off  gates. 

The  dividing  wall  is  of  heavy  cored  construction,  the  upper  passage 
or  soda  channel  supplying  raw  water  and  soda  solution  to  the  tanks,  as 
previously  mentioned.  The  middle  passage  or  softened-water  conduit 
carries  softened  water  from  the  outlets  of  the  tanks  back  to  the  head- 
house  and  to  the  settling  basins.  The  lower  passage  or  blow-off  gal- 
lery provides  access  to  the  blow-off  gates. 

In  order  to  keep  the  floor  of  the  storage-house  free  of  operating 
stands,  and  also  to  provide  large  openings,  stop-planks,  instead  of 
sluice-gates,  are  used  for  controlling  the  flow  of  water  at  the  inlets 
and  outlets  of  the  tanks. 
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Settling  Basins. 

The  general  plan  of  the  six  settling  basins  is  shown  on  Plate  IX, 
and  Plate  XVII  shows  the  details  of  the  embankments,  walls,  and  gate- 
house. The  six  basins  have  a  total  capacity  of  approximately  15  000  000 
gal.,  equivalent  to  12  hours'  subsidence  when  the  purification  works 
are  running  at  their  normal  capacity. 
The  water  varies  from  19  to  21  ft. 
in  depth,  the  average  being  about 
20  ft.  The  basins  are  operated  on 
the  continuous  plan,  that  is,  water 
is  admitted  continuously  at  one  end 
and  drawn  off  at  the  other.  The 
normal  water  line  is  at  Elevation 
61.0,  or  1  ft.  above  the  normal 
water  line  on  the  filters.  Should 
pumping  cease,  it  would  be  possible 
to  draw  the  basins  down  to  about 
Elevation  58.0  before  it  would  be- 
come necessary  to  shut  down  the 
filters,  due  to  lack  of  water.  The 
volume  thus  drawn  would  be  about 
2  700  000  gal.,  a  quantity  sufficient 
to  supply  the  filters  for  a  little  more  than  2  hours. 

Embanhments  and  Floors. — The  embankments  are  composed  of  a 
mixture  of  gravel  and  loamy  clay,  in  6-in.  layers,  and  well  rolled. 
For  water-tightness,  dependence  is  placed  on  a  lining  of  clay  puddle, 
18  in.  thick  on  the  bottom  and  lower  part  of  the  slope,  and  12  in. 
thick  on  the  upper  part.  The  puddle,  which  was  mixed  rather  wet 
and  in  the  proportion  of  1  volume  of  clay  to  2  volumes  of  gravel,  was 
placed  in  6-in.  layers  and  rolled  with  a  grooved  roller  until  hard.  On 
the  bottom  and  lower  part  of  the  slope  the  puddle  is  protected  with  a 
6-in.  concrete  floor,  and  on  the  upper  part  of  the  slope  with  limestone 
paving,  10  in.  thick,  bedded  on  2  ft.  of  screened  gravel. 

Lateral  Dividing  and  Baffle  Walls. — The  lateral  dividing  and  baffle 
walls  are  of  concrete.  The  lateral  dividing  walls  have  a  gravity  sec- 
tion, and  the  baffle  walls  are  stable  against  wind  pressure  when  the 
basins  are  empty,  but  neither  of  the  walls  was  designed  to  resist  ice 
pressure.  In  the  foundation  under  the  dividing  wall  separating  Basins 
Nos.  1  and  3,  a  3  ft.  by  4  ft.  6-in.  drain  has  been  built,  connecting  the 
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Llow-off  conduit  in  the  main  dividing  wall  with  the  drain  running  to 
the  diverting  chamber  and  to  the  river. 

Main  Dividing  Wall. — The  main  dividing  wall  is  also  of  concrete, 
and  its  rather  complex  design  is  illustrated  on  Plate  XVII.  The  wall 
serves,  not  only  as  a  dividing  wall,  but  also  to  control  the  flow  of  water 
to  the  several  basins  and  the  return  to  the  filters.  The  operation  of 
the  basins  may  be  best  followed  by  referring  to  Plates  IX  and  XVII. 

Softened  water,  on  its  return  from  the  mixing  tanks,  passes  through 
the  head-house  and  is  admitted  to  the  softened-water  channel  at  the 
east  end  of  the  main  dividing  wall.  From  this  channel  the  water  flows 
out  through  openings  into  Basins  Nos.  1  and  2,  passes  under  deflectors 
in  order  to  interrupt  surface  currents,  around  the  baffle  walls,  and 
back  through  other  openings  into  the  channel.  The  water  then  follows 
a  similar  course  through  the  other  basins  until  it  reaches  the  west  end 
of  the  channel,  where  it  passes  down  through  openings  into  the  settled- 
water  conduit  and  thence  back  through  the  head-house  to  the  filter 
gallery.  The  course  of  the  water  is  controlled  by  wooden  gates,  held  in 
grooves  and  operated  from  the  floor  above. 

It  is  also  possible  to  operate  the  basins  in  a  different  way,  namely, 
to  admit  water  to  all  of  them  at  once,  instead  of  to  each  set  of  two 
basins  in  series,  as  just  described,  this  being  accomplished  by  raising 
all  the  stop-gates  in  the  softened-water  channel  except  those  at  the 
extreme  west  end,  and  by  closing  all  the  outlets  from  the  basins  to  the 
channel.  Settled  water  would  then  be  drawn  off  from  each  basin 
through  an  opening  connecting  with  the  settled-water  conduit. 

A  3-in.,  lead-lined,  iron  pipe  extends  practically  the  full  length  of 
the  softened-water  channel,  with  grids  located  so  that  the  coagulant 
can  be  added  just  before  the  water  enters  each  set  of  two  basins,  or 
just  after  it  leaves  the  last  two  basins  on  its  way  to  the  filters.  The 
grids  are  of  copper  pipe  with  special  composition  valves  and  fittings, 
and  are  perforated  with  l-in.  holes,  18  in.  from  center  to  center  each 
way. 

It  has  been  found  desirable  to  be  able  to  add  coagulant  at  two 
different  places  at  the  same  time,  and,  while  this  can  be  accomplished 
with  the  work  as  built,  it  is  impossible  to  tell  just  how  much  coagulant 
is  being  added  at  each  grid.  To  overcome  this  difficulty,  a  rearrange- 
ment of  the  coagulant  piping  is  to  be  made,  so  that  the  discharge  from 
each  grid  can  be  measured  accurately. 


TRANS.   AM.  80C.  CIV.  EHQR8. 

VOL.   LXVll,  No.   1146. 

QREQORY  ON 

IMPROVED  WATER  AND  SEWAOE  WORKS 

AT  COLUMBUS.  OHIO. 


SECTIONAL  ELEVATION  ON  o  6 


IMPROVED  WATER  AND   SEWAGE   WORKS,    COLUMBUS,   OHIO       247 

As  mentioned  previously,  provision  has  been  made  for  admitting 
small  quantities  of  raw  water  to  the  softened  water,  prior  to  filtration, 
in  order  to  eliminate  traces  of  caustic  alkalinity.  A  24-in.  vitrified 
raw-water  pipe,  connecting  with  the  adjustable  settling-basin  weir  in 
the  head-house,  is  embedded  in  and  extends  the  full  length  of  the  main 
dividing  wall  and  has  four  outlets,  controlled  by  sluice-gates,  for  ad- 
mitting water  to  the  softened-water  channel.  At  each  expansion  joint 
in  the  wall,  a  short  length  of  riveted  steel  pipe  was  used  in  place  of 
vitrified  pipe. 

The  lower  conduit  or  channel  in  the  main  dividing  wall  serves 
as  a  blow-off  drain  for  emptying  the  basins.  This  blow-off  conduit  is 
also  connected  with  the  drain  chambers  in  the  basins,  so  that  the  upper 
10  or  12  ft.  of  water  in  a  basin  can  first  be  drawn  off  to  the  diverting 
chamber  and  raw-water  suction  well,  and  re-pumped  to  the  other  basins 
before  the  basin  is  drained  out  at  the  bottom.  A  10-in.  flushing  main 
is  hung  from  the  top  of  the  blow-off  conduit,  a  branch  line  with  several 
2i-in.  hose-valves  extending  out  into  each  basin. 

Gate-House. — The  main  dividing  wall  is  surmounted  by  a  long 
brick  gate-house  extending  practically  the  full  length  of  the  dividing 
wall.  In  addition  to  the  doors  at  each  end,  the  gate-house  may  be 
reached  by  a  spiral  staircase  and  underground  passageway  connecting 
with  the  passageway  at  the  foot  of  the  stairway  in  the  substructure 
of  the  head-house.  For  raising  and  lowering  the  wooden  gates  con- 
trolling the  flow  of  water  in  the  softened-water  channel,  two  1-ton, 
Case,  hand,  traveling  cranes  have  been  provided. 

Filter  Gallery. 

The  filter  gallery  is  in  the  wing  of  the  main  building  east  of  the 
head-house,  with  the  filter  tanks  ranged  on  either  side  of  the  gallery 
and  supported  on  the  roof  of  the  filtered-water  reservoirs.  Between 
the  filters  there  is  a  reinforced  concrete  operating  floor,  below  which, 
and  between  the  walls  of  the  filtered-water  reservoirs,  is  the  pipe 
gallery. 

Filter  Tanks. — The  present  installation  includes  ten  filters,  the 
details  of  which  are  shown  on  Plate  XIX,  each  having  a  normal 
capacity  of  3  000  000  gal.  per  24  hours.  The  filter  tanks  are  of  concrete 
heavily  reinforced,  each  being  constructed  as  a  monolith.  Their 
inside  dimensions  are  26  ft.  2  in.  wide,  46  ft.  8  in.  long,  and  8  ft.  lOi 


248       IMPROVED  WATER  AND  SEWAGE  WORKS,   COLUMBUS,   OHIO 

in.  deep  at  the  center.  Each  has  a  net  filtering  area  of  1  088.9  sq.  ft., 
or  0.025  acre.  The  filters  are  designed  on  the  basis  of  a  normal  rate  of 
filtration  of  2  gal.  per  sq.  ft.  per  min.,  but  can  be  operated  at  a  rate 
60%  greater  than  the  normal,  if  desired. 

Extending  down  the  middle  of  each  tank  there  is  a  central  gutter, 
1  ft.  10  in.  wide  and  4  ft.  10  in.  deep,  which  divides  the  filter  into  two 
separate  parts.  On  each  side  of  and  connecting  with  the  central 
gutter  there  are  six  lateral  gutters,  7  ft.  9  in.  from  center  to  center. 
The  edges  of  these  lateral  gutters,  for  a  distance  of  3  ft.  2  in.  back 
from  the  central  gutter,  are  raised  so  that  no  water  will  flow  over  them 
at  these  points,  thereby  reducing  the  quantity  of  wash-water  which  the 
lateral  gutters  will  have  to  carry,  and  tending  to  produce  a  more  uni- 
form rate  of  discharge  of  the  wash-water  from  the  surface  of  the  filter. 

Strainer  System. — The  strainer  system  of  each  filter  is  divided  into 
eight  units,  the  water  passages  of  each  unit  consisting  of  a  series  of 
lateral  channels  connecting  with  a  main  collector  and  built  monolithic 
with  the  floor  of  the  tank.  The  strainers  are  held  in  slabs  of  fine  con- 
crete, the  slabs  being  constructed  in  separate  moulds  and  then  bedded 
in  mortar  on  the  walls  separating  the  water  passages.  The  strainer 
slabs  are  held  down  by  prisms  or  ridges  of  concrete,  built  in  place, 
lapping  over  the  edges  of  the  strainer  slabs  and  anchored  to  the  floor 
of  the  tank  by  bent  twisted-steel  rods.  The  strainers  consist  of  circular 
brass  plates.  No.  16,  B.  &  S.  gauge,  depressed  at  the  center  and  pierced 
with  45  holes,  yV  i^i-  i^i  diameter.  Each  strainer  is  bedded  in  a  thin 
paste  of  red  lead,  and  is  held  in  place  by  a  brass  bolt  and  a  brass  clip, 
the  clip  in  turn  being  held  in  the  strainer  slab.  There  are  2  048 
strainers  in  each  filter,  8|  in.  from  center  to  center  each  way,  the  total 
area  of  the  holes  in  the  strainer  plates  in  one  filter  amounting  to  1.96 
sq.  ft,  or  0.18%  of  the  filtering  area.  The  strainer  system  was  designed 
for  the  application  of  wash-water  at  an  average  rate  of  8  gal.  per  sq.  ft. 
per  min.  under  a  net  head  of  about  3  ft.,  but  a  maximum  rate  of  10 
gal.  per  sq.  ft.  per  min.  can  be  obtained,  if  desired.  The  effluent  piping 
below  the  filter  is  arranged  so  that  the  friction  loss  from  the  outlet  at 
the  center  of  each  of  the  eight  units  to  the  beginning  of  the  main 
effluent  pipe  is  the  same. 

Air  System. — In  addition  to  water,  air  can  be  used  in  washing  the 
filters.  A  main  air  pipe  of  cast  iron,  10  in.  in  diameter,  is  supported 
above  the  central  gutter,  and,  from  outlets  in  the  bottom,  branch  pipes 
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extend  down  through  the  walls  of  the  central  gutter  and  connect  with 
the  lateral  air  pipes  in  the  filter.  These  lateral  pipes,  which  are  8|  in. 
from  center  to  center  and  are  supported  above  the  ridges  holding  down 
the  strainer  slabs,  are  1  in.  in  outside  diameter,  and  are  drilled  on  the 
under  side  with  i-in.  holes  8|  in.  from  center  to  center.  All  the  air 
pipes  except  the  10-in.  main  are  of  brass.  The  air  system  was  designed 
for  a  maximum  rate  of  3  cu.  ft.  of  free  air  per  sq.  ft.  per  min. 

Filtering  Materials. — The  filter  gravel,  which  was  screened  and 
washed,  is  placed  in  four  layers,  graded  in  size,  the  coarsest.  No.  1, 
being  at  the  bottom.  The  sizes  and  thicknesses  of  the  layers  of  gravel 
are  given  in  Table  8.    The  material  was  brought  from  Cape  May,  N.  J. 

TABLE  8.— Filter  Gravel. 


Size. 

Thickness. 

No.  1 

i  in.  to  1    in. 

i  in.  to    ^  in. 

I  in.  to    1  in. 

x^s  in.  to   1  in. 

2  in. 

2  in. 

3  in. 
3  in. 

No.  2 

No.  3 

No.  4 

The  filter  sand,  which  is  supported  by  the  filter  gravel,  has  a  total 
thickness  of  2  ft.  6  in.  The  material  is  a  crushed  sandstone,  screened 
and  washed,  and  was  obtained  from  the  Millwood  White  Sand  Com- 
pany, of  Millwood,  Ohio.    The  analysis  of  the  sand  is  given  in  Table  9. 


TABLE  9.— Filter  Sand. 


Effective  size 

Uniformity  coefficient 

Amount  finer  than  0.2  mm 

Amount  finer  than  0.25  mm 

Amount  finer  than  0.8  mm 

Amount  finer  than  1.0  mm 

Specific  g:ravity 

Silica  (Si  O2) 

Lime  ( Ca  O),  finer  than  0.36  mm, 
Iron  (Fe-jOg) 


0.415  mm. 

1.36 

0.15  per  cent. 

0.52  per  cent. 
95.0  +  per  cent. 
98.5 -j-  per  cent. 

2.63 
94.5  per  cent. 

1.43  per  cent. 

0.5  per  cent. 


Pipe  Gallery  and  Operating  Floor. — The  arrangement  of  the  pipe 
gallery  is  shown  on  Plate  XVIIL  The  main  piping  is  of  cast  iron,  with 
the  exception  of  the  48-in.  raw-water  supply,  which  is  of  riveted  steel. 
It  might  be  well  to  state  that  in  the  filter  gallery  the  pipes  supplying 
water  to  the  filters  for  filtration  are  called  raw-water  supply  pipes, 
although  normally  they  carry  softened,  settled  water.  This  name  was 
adopted  solely   in   order   to   avoid   confusion   in   the  operation   of  the 
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filters,  and,  for  general  purposes,  was  considered  better  than  the  term 
influent.  The  small  piping  is  of  wrought-iron,  brass,  or  lead,  depend- 
ing on  the  service.  The  valves  used  in  operating  the- filters  are  all 
flanged,  and  are  operated  hydraulically. 

On  the  operating  floor  in  front  of  each  filter  there  is  a  marble  operat- 
ing table  fitted  with  four-way  cocks,  with  extension  stems  and  lever 
handles,  for  controlling  the  opening  and  closing  of  the  hydraulic 
valves.  An  indicator  in  front  of  each  lever  handle  shows  the  position 
of  the  valve,  whether  open,  closed,  or  partly  open.  A  loss-of-head  gauge, 
mounted  on  the  table,  shows  the  elevation  of  the  water  on  the  filter  and 
in  the  efiluent  pipe,  and  also  the  difference  between  the  two,  or  the  loss 
of  head.  Samples  of  the  settled  water  and  of  the  filtered  water  can  be 
pumped  by  two  small  electrically-driven  centrifugal  pumps  into  the 
bowl  on  the  operating  table. 

The  discharge  of  each  filter  is  controlled  by  a  filter  controller  which 
maintains  automatically  a  uniform  rate  of  filtration.  The  controller 
is  of  the  closed  type,  is  self-contained,  requiring  no  auxiliary  device 
for  its  operation,  was  designed  especially  for  the  Columbus  works,  and 
operates  under  a  net  loss  of  head  of  about  1  ft.  The  controller  is  ad- 
justable by  means  of  an  operating  stand  on  the  floor  above,  and  has  a 
capacity  ranging  from  a  minimum  of  1 000  000  to  a  maximum  of 
4  500  000  gal.  per  24  hours. 

Water  for  washing  the  filters  is  supplied  from  an  elevated  tank 
located  between  the  pumping  station  and  the  purification  works.  The 
rate  of  application  of  the  wash-water  can  be  controlled  by  a  wash-water 
controller  located  in  the  main  wash-water  pipe  at  the  west  end  of  the 
pipe  gallery,  or  it  can  be  controlled  by  hand  at  the  operating  table. 
The  controller  is  similar  in  design  to  the  filter  controller,  and  has  a 
maximum  capacity  of  16  000  000  gal.  per  24  hours,  with  a  net  loss  of 
head  of  about  1  ft. ;  the  dial  on  the  operating  stand,  however,  is  gradu- 
ated to  read  the  rate  of  application  of  the  wash-water  to  the  filters  in 
gallons  per  square  foot  per  minute. 

The  equipment  for  supplying  air  for  washing  the  filters  has  already 
been  mentioned.  The  rate  of  application  of  the  air  wash  is  controlled 
by  a  gate-valve  in  the  main  air  pipe  at  the  west  end  of  the  gallery. 
By  means  of  the  pressure-reducing  valve,  a  constant  pressure  is  main- 
tained on  the  up-stream  side  of  the  gate-valve,  and,  by  opening  or 
closing  the  main  valve,  from  the  operating  stand  on  the  floor  above, 
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the  flow  of  air  is  controlled.  The  dial  on  the  operating  stand  is  gradu- 
ated to  indicate  the  rate  of  application  of  the  air  to  the  filters  in  cubic 
feet  per  square  foot  per  minute. 

At  the  west  end  of  the  filter  gallery  there  is  a  gauge  board  on  which 
is  mounted  a  recording  gauge  showing  the  level  of  the  water  in  the 
wash-water  tank,  a  recording  gauge  showing  the  pressure  of  the  air 
in  the  air  tanks  in  the  saturator-house,  and  a  gauge  showing  the 
pressure  of  the  air  in  the  main  air  pipe  on  the  down-stream  side  of  the 
air-controlling  valve.  Mounted  on  this  board,  also,  there  are  four  glass 
tubes  through  which  samples  of  the  river  water,  softened  water,  settled 
water,  and  filtered  water  can  be  observed,  being  supplied  by  small 
pumps  located  in  the  pipe  gallery  below.  These  pumps  also  supply 
samples  of  the  four  kinds  of  water  to  the  laboratories  above. 

Filtered-Water   Reservoirs. 

To  compensate  for  the  hourly  and  also  daily  variation  in  the  rate 
of  pumping  into  the  distribution  system,  the  city  being  on  direct  service, 
as  previously  mentioned,  two  covered  filtered-water  reservoirs  have  been 
constructed.  The  reservoirs,  throughout,  are  of  concrete,  the  construc- 
tion being  of  the  groined-arch  type,  in  general  similar  to  that  adopted 
for  covered  reservoirs  elsewhere.  Each  reservoir  is  219  ft.  10  in.  long, 
214  ft.  3  in.  wide,  and  15  ft.  10  in.  deep,  and,  with  water  15  ft.  in 
depth,  has  a  capacity  of  approximately  5  000  000  gal.,  the  two  having 
a  total  of  10  000  000  gal.,  equal  to  about  8  hours'  supply  when  the  purifi- 
cation works  are  operated  at  a  rate  of  30  000  000  gal.  per  24  hours.  The 
plan  of  the  reservoirs  is  shown  on  Plate  IX  and  longitudinal  and 
cross-sections  of  the  south  reservoir  on  Plate  XX. 

Floor. — The  floor,  which  has  a  minimum  thickness  of  8  in.  midway 
between  the  piers,  was  built  in  two  layers,  the  lower  layer  having  a 
thickness  of  4  in.  throughout.  The  joints  were  made  on  the  diagonal 
lines  between  the  piers,  the  joints  in  the  upper  layer  lapping  over  those 
in  the  lower  layer  by  about  3  or  4  in. 

Walls. — The  walls  adjacent  to  and  forming  the  sides  of  the  pipe 
gallery  are  built  with  plumb  faces,  and  are  reinforced  both  vertically 
and  longitudinally.  The  east  wall  of  each  reservoir  is  plumb  on  the 
inside  and  battered  on  the  outside,  and  is  of  such  design  that  it  will 
serve  as  a  future  dividing  wall  when  the  works  are  extended.  The 
remaining  length  of  wall,   except   immediately  under  the  west  walls 
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of  Filters  Nos.  1  and  2,  has  a  section  similar  to  one-half  of  the  cross- 
section  of  a  large  aqueduct. 

Vaulting. — Over  about  three-fourths  of  the  area  of  the  reservoirs 
the  gxoined  arches  have  a  clear  span  of  15  ft.  2  in.,  a  rise  of  3  ft.  2  in., 
and  a  thickness  of  6  in.  at  the  crown,  the  piers  being  20  in.  square. 
Over  the  remaining  fourth  of  the  area,  the  span  of  the  arches  is  reduced, 
being  9  ft.  8  in.  one  way  and  11  ft.  10  in.  the  other,  with  piers  2  ft. 
square.  The  vaulting  over  this  area  is  level  on  top,  is  8  in.  thick  at  the 
crown  of  the  arch,  and  is  reinforced  with  f-in.,  square,  twisted-steel 
rods  12  in.  from  center  to  center  each  way.  The  filter  tanks  are  built 
on  top  of  this  portion  of  the  vaulting,  the  piers  being  located  so  as  to 
come  under  the  walls  and  central  gutters  of  the  tanks,  where  the  loads 
are  the  heaviest.  The  vaulting  is  covered  with  a  4-in.  layer  of  clay 
puddle,  with  2  ft.  of  filling  above. 

Baffle  Walls. — The  baffle  wall  in  each  reservoir  is  6  in.  thick,  rein- 
forced with  |-in.  square  twisted-steel  rods  18  in.  from  center  to  center 
each  way,  and  extends  from  the  floor  to  the  vaulting.  The  walls  are 
keyed  into  the  piers,  the  section  between  each  two  adjacent  piers  being 
built  as  a  monolith. 

Pipe  Connections  and  Overflows. — Filtered  water  is  admitted  to 
each  reservoir  at  the  west  end  of  the  pipe  gallery,  and  is  drawn  off  on 
the  opposite  side  of  the  baffle  wall  from  the  inlet,  into  a  36-in.  filtered- 
water  pipe.  The  two  filtered-water  pipes  are  brought  together  in  a 
valve  chamber  where  they  connect  with  a  48-in.  pipe  opening  into 
the  5 -ft.  filtered-water  conduit  running  to  the  filtered-water  suction 
well  north  of  the  pumping  station. 

Each  reservoir  is  provided  with  an  overflow,  the  crest  being  at 
Elevation  50.0,  or  10  ft.  below  the  normal  water  line  in  the  filters. 

Offices  and  Laboratories. 

That  portion  of  the  wing  of  the  main  building  east  of  the  head- 
house  and  lying  between  the  head-house  and  the  filter  gallery  is  two 
stories  in  height,  with  a  basement  below,  and  at  this  point  the  main 
entrance  to  the  purification  works  is  located.  The  first  floor  is  on  the 
same  level  as  the  floor  of  the  filter  gallery,  and  contains  a  locker-room, 
a  lavatory,  and  a  storeroom.  In  the  storeroom  is  located  a  machine  for 
producing  gas  for  use  in  the  laboratories.  The  general  office,  a  private 
office,  the  bacteriological  and  chemical  laboratories,  and  a  preparation- 
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room,  are  on  the  second  floor.  The  basement  is  in  reality  the  west  end 
of  the  pipe  gallery,  and  through  it  pass  the  pipe  lines  connecting  the 
substructure  of  the  head-house  with  the  filter  gallery. 

Wash- Water  Tank,  Shelter,  and  Tool-House. 

Midway  between  the  pumping  station  and  saturator-house  there  is 
an  elevated  tank,  with  a  shelter  and  tool-house  below. 

Wash-Water  Tank. — The  tank  is  42  ft.  in  diameter,  inside,  and 
11  ft.  deep,  and  with  water  10  ft.  in  depth  has  a  capacity  of  104  000 
gal.,  sufficient  to  wash  two  filters,  one  immediately  after  the  other,  at  a 
rate  of  8  gal.  per  sq.  ft.  per  min.  for  a  period  of  7  min.  each,  making 
allowance  for  the  quantity  supplied  by  the  wash-water  pump  during 
the  period  of  washing.  The  floor  of  the  tank  is  at  Elevation  77.0, 
about  24  ft.  above  the  ground  and  20  ft.  2  in.  above  the  top  of  the 
gutters  in  the  filters.  The  tank  is  of  reinforced  concrete,  with  12-in. 
walls,  and  is  supported  on  concrete  columns. 

Shelter  and  Tool-House. — The  space  below  the  tank  is  divided  into 
two  floors;  the  upper  floor  contains  a  storeroom,  and  also  a  lavatory 
and  locker-room  for  the  use  of  the  laboring  force  employed  in  unloading 
coal  and  chemicals,  cleaning  the  intake  screens  and  settling  basins, 
cutting  grass,  etc.  The  ground  floor  is  used  as  a  small  stable,  provision 
being  made  for  keeping  two  horses;  this  floor  is  used  also  as  a  store- 
house for  tools. 

Construction  of  Buildings^ 

The  walls  of  the  main  building  and  gate-house  are  of  brick,  faced 
outside  with  red  pressed  brick.  In  the  gate-house,  and  ^n  the  saturator- 
house,  storage-house,  and  third  floor  of  the  head-house  of  the  main 
building,  the  walls  are  lined  inside  with  hard  red  brick;  in  the  other 
parts  of  the  main  building  the  walls  are  finished  with  hard  wall 
plaster.  The  ceilings  in  the  offices,  laboratories,  preparation-room,  and 
third  floor  of  the  head-house  are  plastered  on  expanded  metal  fastened 
to  the  lower  chords  of  the  roof  trusses.  The  water-tables,  belt-courses, 
window-sills,  lintels,  and  copings  are  of  concrete  of  the  same  character 
as  that  used  in  the  pumping  station. 

The  floors,  columns,  and  stairways  are  of  reinforced  concrete.  The 
roof  trusses  are  all  of  steel,  the  covering  being  of  slate  laid  on  3-in., 
hollow,  terra  cotta  tile.  In  the  gate-house,  saturator-house,  storage- 
house,  and  filter  gallery,  the  tile  is  plastered  on  the  under  side.     The 
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buildings  are  lighted  throughout  with  electricity,  and  the  main  building 
is  heated  with  steam. 

Concrete. 
In  the  construction  of  the  work,  concrete,  both  plain  and  reinforced, 
was  used  extensively,  the  total  quantity  in  the  pumping  station,  purifi- 
cation works,  and  adjacent  structures  amounting  to  39  560  cu.  yd.  The 
average  price  paid  for  the  above  amount  was  $7.27  per  cu.  yd.  The 
relative  volumes  of  cement,  sand,  and  ballast  in  each  mixture  of  con- 
crete, and  the  corresponding  character  of  work  in  which  the  mixture 
was  used,  were  as  follows: 

1:2:  4. — Water-tables,  belt-courses,  window-sills,  lintels,  etc. ;  filter, 
solution,  dissolving,  and  wash-water  tanks;  reinforced  floors, 
roofs,  stairways,  and  steps. 
1:2^:  6^. — Columns  in  buildings  and  piers  of  wash-water  tank ; 
filtered-water  reservoirs,  lime  saturators,  mixing  tanks,  and 
substructure  of  head-house;  settling  basins,  except  lateral 
dividing  and  baffle  walls;  walls  in  general,  conduits,  and  mis- 
cellaneous small  structures. 
1:3:  7. — Lateral  dividing  and  baffle  walls  of  settling  basins ;  foot- 
ings, and  foundations  for  machinery  and  chimney. 

The  specifications  permitted  the  engineer  to  change  the  relative 
volumes  of  the  sand  and  ballast  in  each  mixture,  while  keeping  the 
a|.  p:regate  of  the  two  the  same,  and  this  was  sometimes  done,  but  in 
general  the  proportions  as  given  above  were  used.  Ordinarily,  the  con- 
crete was  mixed  very  wet. 

The  ballast  was  screened  into  three  sizes:  No.  1,  |  to  |-in.;  No.  2, 
I  to  li-in. ;  and  No.  3,  IJ  to  3-in.  In  ordinary  work  a  mixture  of  the 
three  sizes  was  used,  but,  in  a  considerable  amount  of  the  reinforced 
work,  the  No.  3  ballast  was  omitted,  and  frequently  only  the  No.  1 
ballast  was  used,  particularly  in  thin  vertical  work  and  in  the  lower 
parts  of  beamo  and  horizontal  reinforced  work,  in  order  to  insure  a 
good  bedding  of  the  square,  twisted-steel  rods. 

Expansion  joints  were  built  throughout  the  work  where  necessary. 
Where  subject  to  the  action  of  water  which  had  been  treated  with  lime 
and  soda,  the  expansion  joint  consisted  of  a  tongue  and  groove  in  the 
concrete,  with  a  steel  plate  bedded  and  anchored  on  one  side  of  the 
joint  and  greased  on  the  other;  in  other  places  the  tongue  and  groove 
only  was  used. 
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Connections   to   City. 

From  the  pumping  station  the  purified  water  is  pumped  to  the  city 
through  two  lines  of  36-in.  cast-iron  force  mains  to  a  point  opposite 
the  old  West  Side  Pumping  Station,  where  connections  are  made  with 
the  existing  distribution  system,  a  Venturi  meter  being  placed  on  each 
connection.  A  36-in.  branch  also  connects  with  the  suction  wells  at 
the  old  pumping  station,  so  that  filtered  water  can  be  pumped  from  this 
station  in  case  of  a  shut-down  at  the  new  pumping  station,  the  two 
36-in.  force  mains  being  so  arranged  at  the  new  pumping  station  that 
they  can  be  operated  as  gravity  mains  from  the  water  purification  w^orks. 
While  it  is  not  planned  to  run  the  old  station,  this  method  of  operation 
was  very  serviceable  in  furnishing  the  city  with  a  partial  supply  of 
filtered  water  before  the  new  pumping  station  was  entirely  ready 
for  use. 

The  main  approach  to  the  new  works  from  the  city  is  by  the  Dublin 
Pike,  a  country  road,  in  which  the  force  mains  are  laid.  As  the  road 
was  in  bad  condition,  and  as  one  or  two  stretches  were  sometimes  under 
water  during  periods  of  flood  in  the  river,  the  opportunity  was  taken  to 
improve  it  at  the  time  the  force  mains  were  laid,  by  regrading  it, 
macadamizing  the  surface,  and  fencing  it  along  the  embankment 
portions. 

Cost  of  Work. 

Table  10  gives  the  total  cost  of  the  work  in  such  detail  that  furtkSiP 
description  is  hardly  needed,  and  Table  11  gives  the  unit  costs  of  the 
main  features  of  the  work.  No  attempt  has  been  made  to  distribute 
the  cost  of  engineering  over  the  several  parts  of  the  work,  as  it  is 
believed  that  the  figures  are  of  greater  value  as  presented  than  if  they 
included  a  percentage  for  engineering. 

Contractors  and  Progress  of  Work. 

The  first  bond  issue  was  authorized  in  November,  1904,  and  the 
preparation  of  the  first  drawings  and  specifications  was  commenced 
shortly  after.  The  purification  works  were  placed  under  contract  in 
June,  1905,  the  machinery  and  equipment  for  the  pumping  station  in 
September,  1905,  the  pumping  station  and  connections  in  July,  1906, 
and  the  force  mains  connecting  with  the  city  in  October,  1907.  Raw 
water  was  first  pumped  to  the  purification  works  on  July  2d,  1908,  and 
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TART.E  10 -Cost   op   Scioto   Kivee   Pumping   Station   and  Water 
""^     PurIation  Works  ano  Work   Connkcted  Therewith. 


I 


$48  410 


fel^LROAD  SPUR  'to   PCRiFicl-TTON   WORKS  AND  PUMP- 
ING Station.  2  ^qq  ^^^  ft. 

Track  ..••••••••• .50  lin.  ft. 

Culvert,  6  by  6-tt 

Track  Scales. 

Foundations 

Scales  and  track 


Bridge 

Substructure.... 
Superstructure. 


.115  lin.  ft. 


$1060 
1  860 


500 
3  530 


ROADS, WALKS,  Grading,  and  Drainage  of  Grounds. 

Roads,  walks,  and  grading 

Drainage  of  grounds | 

Raw-Water  Supply  Connections  from  River  to 
Pumping  Station. 

Intake,  river  to  gate-house 

Gate-House.  .4  4qq  ^^  ft. 

Substructure 5  I6O  cu  ft. 

Superstructure 5  ibu  cu.  1 1. 

Screening  equipment 

,    -x   -  4=f  180  lin.  ft. 

Intake  conduit,  o-tt. «  ann  ou   ft 

Raw-water  suction  well ;  •  •  •  -•••fj^^  ^"• 

30-in.  suction  pipes  to  pumping  station,^^  ^.^  ^^ 

Ground-water  drains 

Filtered-Water  Supply  Connectitons  from  Puri- 


fication Works  to  Pumping  Station. 

5.f  t.  Filtered-water  conduit .300  im.  rt 

Filtered- water  suction  well. . .  •  •  •  •  •  •.^*  ^^^h"'  ft 

42-in.  suction  pipes  to  pumpmg  station..50  Im.  ft. 

48-lN.  Raw- Water  Force  Main  and  Meter  ^^ 

48-in.  Force  main ,•••;,•; 

48-in.  Venturi  meter  and  vault 

Main  Drain  and  Branches. 

^'^Branch  drain  from  settling  basins,  3^ft.by^  4 

Branch''drain'from  saturator  'i^ouie'^fO-in. 

Branch  drain,  boiler  blow-off,  4^i^.  .150  lin  ft 
Main  drain,  twin  section,  3-ft.  by  4  |t    b  in  , 

to  diverting  chamber  ...... .. .  -^^^^^^ij^-."^ 

Main   drain,   3-ft.   by  4  ft.  S-m.,  diverting | 

chamber  to  river  outlet ^»o  im.  it. 

River  outlet 

Diverting  Chamber  and  Conduit. 

Diverting  chamber  •••••:••••• AA\\''  fV 

Diverting  conduit,  3  ft.  6-in 80  lin.  tt. 

Sewers  and  Sewage  Disposal. 

^"""Sn   sewer,    8-in.,    purification   work^   to 

drop-manhole •  •  •^^'^     r:„ 

Branch  sewer   to  pumping    station, ^.^in..j 

Drop-manhole ^ja  •,:  •  ■  y/ 

Inverted  siphon,  6-in 570  lin.  tt, 

Sewage  Disposal. 

Septic  Tank 

Filters 

Drains  to  river 

Carried  forward 


5  360 
1230 
1740 


1440 


3  410 

2  020 
310 


1410 
450 


760 

100 
370 
560 


2  920 


4  030       $13  500 


7  620 
770 


2  600 


8  330 

3  540 
1440 

3  720 
1250 


3  540 
2  760 
1050 


7  800 
3  670 


1860 


1790 


2  310 


390 


20  880 


7  350 


11470 


10  540 


4  100 


$76  230 


$48  410 
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TABLE  10.— (Continued.) 


Brought  forward  . .          

$76  230 

$48  410 

Miscellaneous  Piping. 

Station  Water  Supply          

$680 

410 
110 

220 

170 
220 

By-pass  to  filtered-water  suction  well,  16- in., 

90  lin.  ft. 

Suction  to  flushing  pump,  12-in 70  lin.  ft. 

Water  supply,  6-in.,  pumping  station  to    purifi- 
cation worlcs    .                                       .350  lin.  ft. 

Wash-water,  10-in.,  pumping  station  to  wash- 
water  tank.                             140  lin.  ft. 

Hydrant  connections  to  force  mains 

1810 

Telephone,    Electric   and   Steam   Conduits  and 
Mains. 
Electric  main,  pumping  station  to  intake  gate- 
house        . .        . .          

160 

170 

1440 

380 

Telephone    conduit,    2-duct,    Dublin    Pike    to 
pumping  station.                 180  lin.  ft. 

Telephone   and    electric    conduit   and    mains, 
pumping  station  to  purification  works 

Steam  main,  pumping  station  to  purification 
works 

2  150 

80190 

Pumping  Station. 

Building 1  273  300  cu.  ft. 

Substructure                                 .  .337  000  cu.  ft. 

44  830 
83  660 

Superstructure                                936  300  cu.  ft. 

128  490 

Chimney. 
Substructure            32  ft.  deep 

2  690 
5  380 

Superstructure 8  ft.  diam,,  160  ft.  high 

8  070 

S160  110 

23  330 

3  500 

2  640 

300 

Machinery  and  Equipment. 
Pumps. 

gines 3 

Engine-driven  centrifugal  pumps 2 

Flushing  pump        

Wash-water  pump  

Sump  pump 

189  880 
10  500 

Electric  generating  units  and  switch -board .  .2 
Boilers  and  Accessories. 
Boilers                                                  .1  200  h.p. 

16  700 
1890 
1950 
4  110 
1060 

Masonry  boiler  flue 

Boiler  feed  pumps 2 

Surface  condenser  and  vacuum  pump 

Open  feed-water  heater  .        

25  710 

Piping. 
Cold-water  piping  .            .     .                   

17  030 
9  880 

Steam,  feed  and  drain  piping 

26  910 

4  950 
1  030 

Electric  traveling  crane 

Miscellaneous  equipment 

258  980 

395  540 

Carried  forward 

$524  140 
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TABLE  10.— (Continued.) 


Brought  forward 

$524  140 

Water  Purification  Works. 

Settling  Basins 15  000  000  gal. 

Earthwork 

$35  480 
1420 
1  420 

Roads  and  walks        .            

Fence 1  510  lin.  ft. 

Lining. 
Puddle 

$16  640 

20  370 

3  870 

Concrete 

Stone  paving  

40  880 

Walls. 

Main  dividing  wall 430  lin.  ft. 

Lateral  dividing  walls 820  lin.  ft. 

37  960 

26  560 

6  630 

830 

Baffle  walls 730  lin.  ft. 

Deflectors  and  drain  chambers 

71980 

Piping. 
Flushing  main  and  branches  

2  060 
1260 

13  170 

1  100 

380 

10  200 

540 

2  210 
1010 

330 

Coagulant  piping  and  iudicatoi- 

3  320 

Gate- House. 
Superstructure 90  900  cu.  ft. 

Hand  traveling  cranes 2 

14  270 

1168  770 

Head-House. 

Substructure 92  900  cu.  ft. 

Earthwork 

Concrete 

Steel  reinforcement 



Pioing,  valves,  and  appurtenances 



Head-house  weirs 

Iron  and  steelwork 

14  670 
14  560 

Superstructure 144  000  cu.  ft. 

Equipment  in  Superstructure. 
Dissolving  tanks 4 

900 
1420 
2  500 
5  010 

. 

Slaking  tanks 3 

Solution  tanks 9 

Piping,  regulators,  and  appurtenances 

ib  430 

39  660 

Air- Wash  Equipment  in  Head  and  Saturator 
Houses. 
Air  compressor 

780 

1960 

5'JO 

280 

Air  tanks 3 

Air  controller 

Piping 

3  470 

660 

10  360 

2  790 

2  850 

940 
6  810 

Lime-Saturator  House. 

Lime  Saturators 6 

Earthwork 

Concrete  and  brick  masonry 

Steel  reinforcement 

Piping  and  valves 

Iron  and  steelwork 

Stirring  machinery 

24  410 
8140 

32  550 

Superstructure 120  300  cu.  ft. 

Carried  forward 

$244  450 

$524  140 

i 


i 
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TABLE  10.— {Continued.) 


Brought  forward 

$244  450 

$.524  140 

Water  Purification  Works  {Continued). 

Mixing  Tanks,  2 1  270  000  gal. 

S4  580 
32  440 

2  350 

3  850 
1  010 

Earthwork , 

Concrete  and  brick  masonry 

Steel  reinforcement 

Piping,  valves  and  stop  planks 

Iron  and  steelwork 

44  230 

Storage  House. 

Superstructure 152  500  cu.  ft. 

9  740 

3  080 

60 

Apron  conveyor 

Sea les  and  trucks 

12  880 

Office  and  Laboratory. 

Earthwork , 

$500 

2  600 

80 

140 

Concrete 

Steel  reinforcement 

Iron  and  steelwork 

3  320 
8  220 

Furniture  and  Equipment. 

880 
2  860 

Laboratorj-  equipment 

3  740 

15  280 

Filter  Gallery. 

Substructure 

2  250 
8  410 

Superstructure 71  700  cu.  ft. 

Filters 10 

Concrete  and  brick  masonry 

21  250 

3  430 

410 

3  740 

5  500 
2  050 

6  960 

Steel  reinforcement 

Ironwork 

Strainer  systems 10  890  sq.  ft. 

Air  systems 10  890  sq.  ft. 

Filter  gravel 300  cu.  yd. 

Filter  sand 1  010  cu.  yd. 

43  340 

6  260 

8  920 

29  670 

2  860 

1  000 

Operating  tables 10 

Filter  controllers 10 

Piping  and  valves 



Wash-water  controller  and  by-pass 





Gauge-board,  sampling  devices,  and  connec- 
tions              

102  710 

Filtered-Water  Reservoirs,  2 10  000  000  gal. 

Earth  work 

29  500 
1  480 

57  440 

3  050 

6  700 

130 

Puddle  water-proofing  on  vaulting- 

Concrete 

Steel  reinforcement 

Piping,  valves,  and  indicators 

Iron  and  steelwork .   , 

98  300 

Carried  forward 

$517  850 

$524  140 
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TABLE   10.— {Continued.') 


Brought  forward 

$517  850 

$524  140 

WA.TER  Purification  Wouks— {Continued) . 

Wash- Water  Tank  and  Pipe,  and  Shelter  and 
Tool- House. 

Wash-water  tank 104  000  gal. 

Foundations .                                  .... 

$840 

650 

3  090 

Piers  

Tank 

$4  580 
6  610 
1960 

Shelter  and  tool-house  under  tank    34  700  cu.  ft. 

Wash-water  pipe,  30-in.,  from  tank  to  purifica 
tion  works .        250  lin.  f  t . 

13  150 

460 
1  020 

Supplies  for  Preliminary  Operation  of  Works. . 

Expenses  Unclassified 

532  480 

Total  Cost  of  Works,  Exclusive  of  Connec- 
tions to  City,  and  Exclusive  of  Engineer- 
ina: 

$1  056  620 

Cast-Iron  Force  Mains  to  City. 

48-in.  Venturi  meter 

4  030 
139  370 

4  340 
12  640 

5  340 
1120 

210 

36-in.  mams 10  640  lin.  ft. 

36-in.   connection    to  old  West   Side  pumping 
station     180  lin.  ft. 

Connections  to  distribution  system 

20-in.  and  24-in.  Veaturi  meters.. 

Blow-offs 

Hydrant  connections 

167  050 



Improvement  of  Dublin  Pike 

13  950 

Total  Cost,  Exclusive  of  Engineering 

$1  237  620 

Ejjgineering,  7.75  per  cent. 

Pay-roll 

84  340 
6  120 
5  490 

Supplies 

Expenses 

95  950 

Total  Cost 

$1  333  570 

Summary. 

Land 

$48  410 

Work,  exclusive  of  pumping  station  and  water  purification  w 
Pumping  station 

orks 

76  490 

399  240 

Water  purification  works 

532  480 

Total  cost  of  works,  exclusive  of  connections  to  city  and  exclusive  of 
engineering 

$1  056  620 

181  000 

Total  cost,  exclusive  of  engineering 

$1  237  620 

Engineering 

95  950 

Total  Cost 

$1  333  570 
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TABLE  12. — Watek  Purification  Works. 


a 

CO 

Volume  of 
Water. 

Filter  Data. 

Applied  Chemicals. 

0) 

be 

i 

Pounds 

Grains  per 
gallon. 

Color. 

Tur- 
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O 
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+ 

02 

Q 
0 

14.1 

02 
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35 

3 

4 

0 

1 

30  063 

16  440 

3 

2 

22 

33 

0.00 

14. G 
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9 

20.3 

2.7 

1.9 

+ 

28  890 
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0 

13.6 

7.6 

0.00 

42 

2 

4 

0 

3 

R 
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35 

0.01 
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9 

16.6 

3.2 

1.4 

+ 

26  788 
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0 
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0.00 

87 

1 

5 

— 

3 

4 

42 

37 

0.21 

14.5 

14.1 

10 
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2.6 

1.6 

+ 

27  765 
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0 
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7.6 

0.00 

27 

2 

5 

0 

3 

5 

48 

38 

0.17 
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13.9 

10 

18.3 
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1.0 

+ 

30  780 
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0.88 

37 

2 

7 

0 

5 

H 

38 

37 

0.02 
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14.5 

10 

19.1 

7.0 

1.4 

+ 
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14.5 

6.5 

0.38 
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1 

8 

0 

4 

7 

20 

33 
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10 
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7.0 

1.6 

+ 

29  845 

15  300 
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13.5 

6.9 

0.37 

18 

2 

6 

0 

8 

8 

22 

32 

0.00 

14.9 

15.1 

10 
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6.9 

1.6 

+ 

29  704 

16  680 
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13.9 

7.8 

0.34 

13 

0 

— 

0 

9 

9 

31 

31 

0.02 
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14.7 

10 
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6.7 

2.0 

+ 

32  101 
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13.7 
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0.14 

9 

1 

4 

0 

5 

10 

34 

33 

0.04 
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9 
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1.0 

+ 

26  030 

15  200 

0 
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8.4 

0.00 

13 

0 

5 

0 

5 

11 

41 

34 
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10 
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0.7 

+ 
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0 

15.0 
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0.00 

10 

0 

5 

0 

8 

18 

18 

33 
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10 
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0.9 

+ 
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0 
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0.00 
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0 

5 

0 
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13 

14 

32 
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10 
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0.7 
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0 
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0.00 

15 

0 

5 

0 

6 

14 

31 

28 

tr. 

17.2 

15.6 

10 
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3.9 
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-- 
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0 
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5.9 

0.00 

10 

0 

8 

0 

6 

15 

32 

26 
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13.9 

14.4 

9 

20.4 

4.4 

0.7 

+ 

30  576 
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0 
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0.00 

7 

0 

13 

0 

4 

16 

29 

33 

0.32 

15.9 

14.6 

10 

18.9 

4.4 
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+ 

34  754 
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0 

15.3 

8.6 

0.00 

10 

0 

7 
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4 

17 

26 
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13.0 

10 

19.0 
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+ 

32  544 
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0 
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0.00 

U 

0 

5 

0 

6 

18 

25 

32 
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14.5 

15.0 

10 

18.1 

4.0 

1.1 

+ 

32  296 

17  460 

0 

15.6 

8.4 

0.00 

10 

0 

5 

0 

4 

19 

27 

32 

0.00 

16.0 

14.4 

10 

20.7 

3.0 

2.4 

4- 

35  266 

18  660 

0 

15.4 

8.2 

0.00 

10 

0 

5 

0 

4 

20 

32 

33 

0.00 

14.9 

14.0 

10 

18.6 

2.6 

0.6 

+ 

32  487 

17  880 

0 
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8.4 

0.00 

10 

0 

5 

0 

6 

21 

35 

32 

0.00 

14.9 

14.6 

10 
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+ 
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0 
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0.00 

13 

0 

6 

0 

4 

22 

45 

33 

0.12 

14.9 
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10 
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8.0 
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- 

31819 

18  180 

0 

14.9 

8.5 
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12 

0 

5 

0 

5 

23 

52 

35 

0.28 

14.9 

14.5 

10 

18.8 

8.0 

4.5 

- 

31161 
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0 

14.6 

8.4 

0,00 

13 

0 

8 

0 

4 

24 

57 

41 

0.00 

12.9 

12.4 

10 

16.6 

8.0 

6.0 

- 

- 

87  874 
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0 

14.8 

8.8 

0  00 

20 

0 

8 

0 

5 

25 

45 

43 

0.00 

14.8 

14.6 

9 
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+ 
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0 
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0.00 
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0 

18 

0 
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26 

37 

40 

0.00 
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14.0 
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8.0 

4.3 
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0 
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27 

37 

38 
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0.00 
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0 
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+ 
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32 

34 

15.0 

14.3 

10 

19.6 

2.4 

.... 
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14.6 

7.8 

0.05 

5 

-\-  —  Present,    0  =  Not  present. 


=  Not  tested. 
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— Records  of  Operation  for  January,  1909. 


Analytical  Results,  in  Parts  per  Million. 

Bacteriological  Tests 
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Coagulant  =  Sulpbate  of  iron  or  sulphate  of  alumina. 
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TABLE  12. — Water  Pukification  Works. — {Continued.) 
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Applied  Chemicals. 

-1-3 

a 

be 

bo 

oT 

1 

a 

bO 

a 

Pounds. 

Grains  per 
gallon. 

Color. 

Tur- 
bidity. 

'6 

^ 

O 

rj  u 

S 
H 

32 

a 
0,00 

1 
1 

1 
S. 

0 
0 

s 

%^ 

-(J 

73 

0 

u 

CD 

B 

0 

P   . 

.-  0) 

to  > 

0 
W 

20.5 

sS 

^^ 
01  .S 

m 

CO 

0 
8.0 

c    = 
S    5 

efi     •— 

A 
tii 

cS 

3.0 

03 
0 

+3 

0 

be 
0 

0 

i 

14.9 

A 

03 

c8 

73 
0 

m 

1 

be 

% 
0 

u 
+3 

> 

C 

0) 

t 

u 
<a 

u 
a; 

> 

a; 
0 

*  u 
0  <s> 

—  -u 
0  03 

11 
SI 

u 
fa 

1 

16.4 

15.6 

10 

0  35  000 

21480 

9.2 

0 

12 

0 

12 

3 

2 

22 

32 

0.00 

15.7 

15.5 

10 

20.0 

8.0 

3.4 
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0 

16.0 
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0 

32 

0 

15 

0 
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3 

28 

32 

0.00 

15.3 

14.4 

10 

18.1 

8.0 

4.9 
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0 
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0 

40 

0 

15 

0 

5 

4 

41 

34 

0.00 

14.6 

14.3 

10 

18.3 

8.0 

5.5 

0  30  265 

21  384 

0 

15.1 

10.2 

0 

45 

0 

15 

0 

4 

5 

47 

35 

0.31 

14.6 
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10 

16.9 

8.0 
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0 
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0 

50 

0 

15 

0 

6 

6 

41 

39 

0.08 
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13.9 

10 
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8.0 
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0 
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0 

50 

0 

20 

0 

0 

7 

34 

38 

0.00 
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10 
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0 
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8.1 

0 
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2 

15 

0 
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8 

33 

36 

0.00 
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14.0 

10 
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5.0 
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0 
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8.0 

4.2 

0  26  386 

19  380 

0 

11.0 
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-\-  =  Present.     0  =  Not  present. 


Not  tested. 
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— Records  of  Operation  for  February,  1909. 


Analytical  Results,  in  Parts  pep 

Million. 
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8 
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32 
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58 
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55 
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27 

4 
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70 

82 

+ 

0 

0 

0 
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139 

40 
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2  146 

Coagulant  =  Sulphate  of  iron  or  sulphate  of  alumina. 
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TABLE  12. — Water  Purification  Works — (Continued.) 
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+  =  Present.    0  =  Not  present.    —  =  Not  tested. 
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— Records  of  Operation  for  March,  1909. 


Analytical  Results,  in  Parts 

PER  Million. 
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Coagulant  =  Sulphate  of  iron  or  sulphate  of  alumina. 
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TABLE  12. — Water  Purification  Works. — (Continued.) 
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— Records  of  Operation  for  April,  1909. 
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115 

83 

67 

149 

73 

60 

46 

33 

0 

0 

34 

129 

42 

23 

21 

19 

7 

1  000 

500 

iiOO 

0 

0 

0 

0 

0 

398 

110 

69 

63 

158 

78 

58 

55 

0 

0 

0 

40 

134 

32 

11 

V 

19 

7 

1  500 

325 

310 

0 

0 

0 

0 

0 

293 

103 

92 

70 

154 

77 

55 

48 

IV 

0 

0 

40 

139 

26 

.37 

22 

21 

8 

7  500 

1  750 

350 

+ 

+ 

0 

0 

0 

287 

104 

80 

72 

154 

85 

52 

48 

3 

0 

0 

40 

133 

19 

28 

24 

21 

10 

300 

2  000 

600 

+ 

4- 

0 

0 

0 

289 

118 

91 

73 

156 

84 

51 

43 

0 

0 

0 

38 

133 

34 

40 

30 

23 

10 

1  250 

5  000 

70 

0 

0 

0 

0 

0 

297 

106 

83 

66 

162 

82 

56 

42 

0 

0 

0 

34 

135 

24 

27 

24 

23 

10 

1750 

1250 

1  100 

4- 

+ 

0 

(> 

0 

291 

109 

86 

67 

164 

73 

58 

45 

9 

0 

0 

38 

127 

36 

28 

21 

22 

10 

1500 

1  600 

900 

-f 

0 

0 

0 

0 

276 

109 

87 

75 

157 

88 

52 

48 

0 

0 

0 

42 

119 

21 

35 

28 

22 

n 

2  000 

1000 

1  250 

-^ 

+ 

0 

0 

+ 

0 

262 

90 

66 

66 

148 

81 

48 

40 

39 

0 

0 

32 

114 

9 

18 

26 

22 

9 

1  150 

130 

.50 

-4- 

0 

0 

0 

259 

102 

68 

57 

150 

75 

52 

40 

11 

6 

0 

32 

109 

28 

16 

17 

19 

7 

1850 

175 

450 

'0 

0 

0 

0 

0 

248 

99 

83 

52 

144 

75 

.^2 

36 

13 

0 

0 

30 

104 

24 

31 

16 

19 

5 

1900 

280 

225 

0 

0 

0 

0 

0 

248 

103 
112 

78 
92 

66 

84 

142 
131 

61 
79 

42 
53 

40 
46 

13 
13 

0 

ol 

0 
0.1 

28 
28 

106 
111 

42 
34 

35 

38 

26 

38 

18 
19 

8 
10 

4  700 

650 

480 

0 

0 

0 

0 

0 

242 

8  500 

8  662 

264 

Coagulant  =  Sulphate  of  iron  or  sulphate  of  alumina. 
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TABLE  12. — Water  Purification  Works. — {Continued.) 


u 

o  «e 
«^ 

^   (U 

S  be 

1' 

46 
45 
47 
45 
57 
66 
59 
67 
66 
51 
52 
60 
61 
68 
70 
65 
63 
60 
60 
57 
58 
60 
60 
61 
61 
66 
69 
65 
69 
68 
72 

a 
<s 

c8  U 

%t 

a 
S 
H 

57 
53 
51 
49 
50 
52 
56 
59 
63 
61 
57 
54 
57 
59 
61 
63 
66 
65 
66 
62 
63 
62 
62 
61 
62 
63 
62 
65 
68 
66 
66 

w 

o 

a 

a 

a 
"S 
P5 

tr. 

tr. 
0.36 
0.50 
0.17 
0.00 
0.01 
0.00 
0.52 
0.94 
0.00 
0.00 

tr. 
0.00 
0.23 
0.00 
0.00 
0.00 
0.00 
0.99 
0.11 
0.00 
0.00 
0.00 
0.07 
0.10 
0.08 
0.00 
0.00 
0.57 
0.00 

Volume  of 
Water. 

Filter  Data. 

Applied  Chemicals. 

4 

a 
o 

ft 

a 

Oh 

'3 
bo 

a 
o 

a 

<D 
;h 
O- 

Si 
0) 

a 

bs. 

i 

t 

a 

i 

o 

01 

73S4-I 

a 

0) 
tD 

a 
<v 
o 

ft 

C 
<v 

03 

& 

03 

o 

W 

Pounds. 

Grains  per 
gallon. 

Color. 

Turbidity. 

O 

1 

6 

a 

c6 
03 

O 

a 

o 
O 

a 

4.9 
3.6 
4.2 

4.8 
4.7 
6.6 
7.4 
6.7 
8.5 
7.9 
7.1 
8.1 
G.8 
4.3 
5.9 
6.5 
6.9 
7.5 
9.3 
9.6 
9.0 
7.9 
7.2 
7.2 
7.2 
7.9 
7.4 
8.2 
8.4 
8.4 
6.1 

i 

o: 
cs 

o 
m 

2.7 
2.7 
2.3 
2.2 
4.6 
4.7 
4.5 
4.1 
4.3 
3.1 
2.2 
2.1 
2.2 
2.2 
2.2 
2.2 
3.1 
3.6 
4.3 
4.2 
3.9 
4.2 
4.1 
3.7 
3.8 
3.9 
4.2 
4.0 
3.9 
3.2 
3.0 

be 

03 

O 

O 

7.1 
8.3 
6.8 
8.3 
4.8 
3.2 
2.4 
2.2 
3.5 
6.7 
11.2 
8.2 
4.8 
4.0 
3.3 
2.2 
1.3 
1.8 
2.7 
2.4 
3.8 
4.3 
3.5 
3.2 
2.5 
2.1 
1.5 
1.0 
1.0 
1.3 
1.8 

O) 

t 

O 
►*■ 

67 
65 
70 
70 
60 
47 
55 
39 
37 
45 
70 

60 
80 
62 
62 
62 
55 
41 
42 
42 
42 
55 
52 
38 
40 
52 
40 
46 
47 
57 

u 

<D 

3 

2 

2 

4 

6 

18 

18 

13 

5 

8 

2 

10 

12 

12 

14 

21 

16 

17 

13 

11 

12 

10 

9 

8 

8 

12 

13 

12 

12 

12 

13 

u 

U 

1017 

1081 

485 

297 

199 

140 

114 

97 

83 

377 

478 

304 

216 

134 

loy 

85 
68 
53 
46 
40 
53 
53 
f3 
50 
48 
48 
48 
36 
59 
101 
108 

u 

0) 

■»-> 
03 

_® 

-4-> 

-U) 

(B 

CC 

30 
30 
35 
104 
67 
38 
25 
25 
25 
25 
25 
25 
30 
25 
34 
30 
30 
30 
25 
20 
20 
20 
20 
15 
15 
15 
15 
10 
10 
10 
30 

Sh 
CD 
-t-J 

t3 

0) 

u 
a) 

0 
0 
0 
0 
0 
0 
0 
0 
0 

s 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

o 

a  o3 

o  > 

o 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

12.5 
11.1 
11.8 
13.0 
13.0 
13.0 
14.1 
12.6 
12.0 
12.4 
12.7 
12.6 
13.8 
13.6 
13.5 
12.4 
13.3 
14.0 
13.5 
13.3 
12.9 
12.3 
13.3 
12.6 
13.3 
14.7 
15.8 
15.1 
15.0 
12.0 
13.6 

11.8 
10.3 
12.0 
13.0 
12.5 
12.3 
12.0 
12.4 
10.5 
11.9 
12.6 
12.8 
12.3 
12.9 
13.2 
11.0 
13.3 
12.8 
13.2 
12.3 
12.7 
12.2 
10.8 
13.1 
13.3 
13.3 
13.2 
13.9 
13.8 
10.7 
12.2 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

20.9 
17.3 
20.0 
20.2 
21.0 
21.6 
22.2 
19.1 
18.1 
20.5 
18.5 
20.6 
21.1 
20.1 
21.2 
18.1 
21.2 
20.5 
21.3 
21.7 
19.0 
20.2 
19.1 
20.6 
19.3 
20.8 
21.6 
22.6 
21.7 
15.8 
17.3 

7.0 
9.3 
8.1 
8.1 
8.1 
8.0 
8.0 
8.0 
8.0 
8.1 
8.8 
7.7 
7.2 
7.5 
7.1 
7.0 
7.1 
7.1 
7.1 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.2 
8.5 
8.1 
8.0 
8.0 
7.0 

7.0 

2.3 
3.8 
6.9 
10.8 
7.3 
6.4 
4.9 
2.5 
4.9 
4.2 
5.8 
6.3 
4.7 
3.9 
6.0 
7.8 
3.8 
3.9 
6.5 
5.8 
5.3 
4.9 
4.7 
4.8 
8.6 
8.3 
7.3 
4.9 
2.2 
5.5 
4.2 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

8  754 
5  680 

7  040 

8  8S5 
8  739 

12  296 
14  850 
12  055 
14  525 
14  070 

12  870 
14  610 

13  375 
8  295 

11480 
11500 

13  040 

14  970 

17  929 

18  201 
16  512 
13  980 
13  620 

12  920 

13  720 
16  706 

16  829 

17  637 

18  008 

14  380 
11915 

4  878 
4  225 

3  900 

4  140 
8  645 

8  735 

9  140 
7  300 
7  420 

5  500 
4  080 

3  720 

4  340 
4  320 

4  260 
3  980 

5  820 

7  250 

8  250 
7  945 
7  255 
7  350 

7  890 

6  690 

7  170 
8130 

9  390 

8  730 

8  400 
5  490 
5  880 

12  648 

13  150 
11556 
15  464 

8  990 

5  870 

4  810 
3  985 

6  007 
11  908 
20  350 

14  750 

9  450 

7  820 

6  340 
3  958 

2  522 

3  510 

5  230 

4  580 

7  060 
7  494 

6  748 

5  684 
4  774 
4  354 
3  442 
2  062 
2  088 

2  292 

3  444 

3 

4 
3 
4 
4 
3 
3 
3 
3 
4 
3 
3 
3 
3 
4 
3 
4 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 

Av. 

60 

60 

13.2 

12.4 

10 

20.1 

5.5 

13  206 

6  459 

7  173 

7.0 

3.4 

3.9 

53 

11 

196 

28 

0 

3 

+  =  Present.    0  =  Not  present.    —  =  Not  tested. 
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-Records  of  Operation  for  May,  1909. 


^INALYTICAL  RESULTS,   IN  PARTS  PER  MILLION. 

Bacteriological  Tests. 

Total 

Total 

Caustic 

Incrust- 

Magne- 

Bacteria 

Presumptive  Coli 

hardness. 

alkalinity. 

alk. 

o  <v 
24 

ants. 

sium. 

per  c.  c 

tests. 

q; 
o 

Id 

l-H 

110 

1 

90 

+3 

<V 

u. 
65 

0) 

91 

d 

,Q 

ti 

m 

O 
+J 

® 

l-H 

86 

a) 
+3 

0) 
CO 

48 

+^ 

0) 
1 

39 

c' 
'35 

% 

W 

O 
-(-> 

+3 

in 
fl 
l-H 

10 

0 

<V 
03 

0 

u 
<v 

0 

<v 

-M 

03 

> 
49 

d 

O 

l-H 

24 

03 
42 

26 

u 

ID 
03 

& 

;-i 

0) 

> 
16 

;h' 

& 

<v 
;h 

Hi 

8 

b' 
a> 

-1.2 

u 
<v 

> 

-l-l 
-p 

s 

t3 
<V 
u 

River 
water. 

Filtered 
water. 

> 

Ic 

.  c. 

1  c.  c. 

50c.e. 

'6 
S 

a 

40 

87  500 

1  150 

560 

0 

0 

0 

0 

0 

92 

112 

115 

100 

62 

112 

40 

41 

0 

0 

0 

12 

30 

0 

75 

59 

11 

10 

86  000 

2  000 

600 

+ 

- 

- 

0 

0 

0 

89 

117 

105 

114 

70 

115 

47 

49 

0 

0 

0 

6 

19 

2 

58 

65 

10 

7 

32  000 

2  800 

475 

0 

- 

-f 

0 

-f 

21 

128 

88 

123 

82 

85 

56 

58 

0 

0 

0 

0 

39 

43 

32 

65 

12 

6 

30  000 

4  200 

675 

+ 

-, 

r 

0 

0 

-f 

67 

103 

101 

114 

97 

60 

65 

51 

0 

0 

0 

0 

70 

43 

36 

63 

12 

5 

18  500 

7  500 

500 

_ 

0 

0 

+ 

87 

100 

95 

98 

110 

81 

65 

50 

0 

0 

0 

4 

77 

18 

30 

48 

15 

7 

15  600 

8  200 

2  000 

-- 

- 

- 

0 

0 

0 

02 

85 

86 

92 

122 

61 

58 

55 

9 

0 

0 

10 

81 

24 

28 

37 

13 

8 

6  100 

6  750 

2  600 

-- 

0 

0 

0 

0 

09 

74 

64 

69 

127 

.52 

44 

44 

0 

0 

0 

24 

82 

22 

20 

25 

16 

7 

3  200 

7  500 

5  850 

+ 

0 

0 

0 

18 

83 

69 

67 

131 

51 

48 

42 

0 

0 

0 

22 

87 

32 

21 

25 

16 

7 

2  000 

2  600 

1  600 

0 

0 

0 

0 

0 

60 

74 

64 

69 

105 

63 

41 

38 

7 

0 

0 

16 

56 

11 

23 

32 

13 

6 

29  400 

4  900 

1300 

+ 

+ 

0 

0 

0 

94 

141 

75 

74 

67 

113 

46 

33 

27 

0 

0 

8 

27 

28 

29 

42 

9 

7 

77  000 

16  400 

1  050 

0 

+ 

0 

0 

0 

95 

124 

106 

93 

72 

107 

51 

33 

51 

0 

0 

6 

22 

17 

55 

60 

i 

5 

35  000 

36  500 

1275 

+ 

+ 

0 

0 

0 

1.5 

105 

105 

98 

83 

91 

68 

40 

27 

0 

0 

14 

32 

14 

37 

57 

9 

4 

24  400 

250 

50 

0 

0 

0 

18 

108 

93 

83 

91 

74 

56 

49 

8 

10 

3 

46 

27 

34 

37 

34 

10 

4 

13  750 

200 

275 

-- 

-- 

0 

0 

0 

64 

113 

83 

74 

103 

80 

51 

46 

2 

0 

1 

45 

61 

32 

32 

28 

12 

6 

3  500 

175 

100 

+ 

+ 

a 

0 

0 

91 

112 

92 

83 

111 

59 

53 

39 

9 

(J 

0 

22 

80 

52 

39 

44 

11 

6 

2  100 

850 

425 

+ 

+ 

0 

0 

0 

15 

105 

100 

85 

123 

60 

52 

35 

8 

8 

0 

30 

92 

45 

48 

50 

16 

6 

1400 

2  000 

1000 

+ 

0 

0 

0 

0 

32 

109 

100 

86 

135 

61 

53 

36 

0 

0 

1 

35 

98 

48 

47 

50 

15 

8 

1500 

160C 

600 

+ 

-f 

0 

0 

0 

!42 

100 

98 

86 

140 

58 

54 

36 

18 

0 

0 

34 

102 

43 

44 

50 

17 

8 

1200 

1  500 

550 

+ 

-\- 

0 

0 

0 

!48 

108 

116 

90 

145 

63 

57 

37 

3 

1 

0 

30 

103 

44 

.59 

53 

19 

8 

1800 

1  000 

250 

0 

+ 

0 

0 

0 

i46 

98 

97 

78 

140 

57 

56 

37 

21 

6 

0 

30 

106 

41 

41 

41 

17 

7 

2  100 

200 

110 

0 

0 

0 

0 

555 

97 

11.0 

86 

146 

56 

59 

30 

8 

19 

0 

26 

109 

40 

51 

56 

18 

7 

3  250 

125 

no 

+ 

+ 

0 

0 

0 

522 

98 

98 

90 

131 

71 

46 

27 

27 

2 

0 

24 

91 

22 

52 

63 

19 

10 

7  400 

110 

10 

-{- 

+ 

0 

0 

0 

518 

94 

76 

79 

135 

67 

56 

30 

17 

4 

0 

24 

83 

27 

20 

49 

15 

9 

4  100 

75 

45 

+ 

0 

0 

0 

0 

528 

93 

91 

71 

144 

67 

58 

33 

1 

8 

0 

32 

84 

26 

33 

37 

20 

8 

2  650 

85 

48 

0 

+ 

0 

0 

0 

534 

100 

90 

75 

142 

63 

58 

38 

1 

0 

0 

34 

92 

37 

33 

37 

19 

9 

1  100 

50 

38 

+ 

+ 

0 

0 

0 

523 

89 

96 

67 

139 

67 

63 

39 

1 

0 

1 

38 

84 

21 

33 

27 

17 

9 

1250 

35 

20 

+ 

+ 

0 

0 

0 

539 

84 

82 

65 

153 

50 

56 

41 

4 

0 

4 

37 

86 

34 

26 

24 

17 

8 

2  300 

74 

38 

0 

0 

0 

0 

0 

549 

97 

90 

73 

160 

62 

56 

43 

4 

0 

1 

42 

89 

34 

34 

30 

22 

11 

3  300 

120 

21 

0 

+ 

0 

0 

0 

517 

79 

83 

69 

142 

58 

59 

44 

lb 

0 

0 

38 

75 

21 

25 

25 

16 

9 

4  570 

158 

65 

-- 

+ 

0 

0 

0 

J03 

82 
101 

86 
92 

70 
83 

128 
117 

60 
71 

58 
54 

42 
40 

2 
9 

6 
2 

0 
0.3 

40 
24 

75 
71 

23 
29 

27 
38 

28 
43 

16 
15 

9 

7 

2  100 
16  309 

100 

24 

-- 

+ 

0 

0 

0 

88 

3  523 

718 

Coagulant  =  Sulphate  of  iron  or  sulphate  of  alumina. 
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TABLE  12. — Water  Purification  Works. — (Continued.) 


■U9 

05 

Volume 
OF  Water. 

Filter  Data. 

Applied  Chemicals. 

6 
be 

a; 

Pounds 

Grains  per 
gallon. 

Color. 

Turbidity. 

^ 

O  e3 

II 
i5 

OS  u 

a_,    TO 

ft 

a 
P5 

03 

i=l 
o 

-a 
a 
S 

c8 

be 

0 

o 

1 

<s 

'6 

w 
a; 

a 

p 

"> 
u 
<o 

a 

si"-" 

n 

s 

6.6 

CM 
O 

m 

.- 

a 
o 

O 

6 
S 

w 

53 

O 

!=l 
S 

o 

S 
3 

05 

cS 
03 
'D 

9, 
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+  =  Present.    0  =  Not  present.    —  =  Not  tested. 
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Analytical  Results,  in  Parts  per  Million. 
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Coagulant  =  Sulphate  of  iron  or  sulphate  of  alumina. 
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TABLE  12— Water  Purification  Works. — (Continued.) 
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Analytical  Results, 

IN  Parts  per  Million. 

Bacteriological  Tests. 

Total 

Total 

Caustic 

Incrust- 

Mag 

ne- 

Bacteria 

Presumptive  Coli 

hardness. 

alkalinity. 

alk. 

ants. 

Slum. 

per  c.  c. 

tests. 

d 

a 

a 

a 

River 

Filtered 

u 

m 

eg 

0) 

u 
> 

<A 

ce 

-4-> 

0 

u 
> 

CO 

u 

0) 

Is 

03 

03 
■     ^ 

water. 

water. 

1  c 

c. 

Ic 

c. 

50c.c. 

2 

1 

o 

73 
in 

73 

VI 

O 

-d 

73 
4^ 

1^ 

0) 
!« 

O 

73 

T3 

> 

73 

I 

73 

0) 

> 

■2  o 

73 

oj  o 

5  o 

73 

0)  o 

"S  o 

rr! 

-M 

<v 

."^ 

(YI 

■fr! 

0) 

-t-> 

O! 

',._j 

Fi 

+s 

<V 

Ph 

^ 

O) 

Ti-fi 

S,£3 

•".A 

.73  ..a 

•S-^ 

'a 

h- 1 

m 

fe 

"a 

a; 

fe 

1— I 

w 

fe 

1— 1 

W 

&4 

ta 

ai 

fe 

^ 

»l 

CO  g 

176 

100 

101 

78 

125 

40 

39 

28 

0 

1 

0 

26 

51 

60 

61 

50 

13 

7 

1000 

42 

46 

0 

0 

189 

93 

104 

93 

129 

43 

39 

26 

7 

1 

0 

24 

60 

50 

65 

67 

15 

9 

1800 

35 

15 

__ 

0 

0 

188 

83 

92 

86 

132 

50 

44 

29 

2 

4 

0 

28 

57 

33 

48 

57 

15 

7 

1250 

42 

8 

0 

0 

0 

0 

193 

94 

85 

72 

138 

46 

48 

34 

4 

2 

0 

34 

54 

48 

37 

37 

15 

7 

700 

42 

6 

+ 

+ 

0 

0 

199 

98 

90 

74 

148 

50 

45 

34 

0 

1 

0 

34 

56 

47 

45 

40 

18 

7 

550 

33 

6 

+ 

4- 

0 

0 

199 

94 

87 

81 

145 

48 

46 

36 

2 

0 

0 

34 

54 

46 

41 

45 

16 

9 

750 

32 

20 

0 

0 

0 

0 

0 

218 

100 

88 

80 

155 

47 

47 

87 

0 

0 

0 

34 

59 

53 

41 

43 

16 

8 

650 

37 

8 

0 

H 

_ 

0 

0 

218 

95 

95 

86 

154 

45 

44 

36 

3 

0 

0 

34 

63 

50 

51 

50 

15 

8 

1  000 

30 

12 

+ 

"1 

_ 

0 

0 

223 

94 

91 

84 

161 

45 

43 

85 

1 

0 

1 

34 

62 

49 

48 

48 

18 

10 

1  000 

50 

22 

+ 

_ 

0 

0 

228 

98 

99 

90 

160 

43 

42 

34 

8 

2 

2 

32 

68 

56 

57 

56 

16 

8 

825 

70 

12 

+ 

- 

_ 

0 

0 

__ 

280 

102 

87 

88 

166 

47 

42 

34 

0 

0 

1 

34 

64 

54 

55 

53 

16 

8 

450 

25 

3 

0 

-\ 

_ 

0 

0 

288 

98 

85 

88 

171 

45 

44 

36 

0 

0 

0 

32 

67 

53 

41 

52 

18 

10 

4  450 

42 

10 

_u 

-\ 

_ 

0 

0 

244 

103 

98 

91 

177 

44 

42 

38 

0 

0 

0 

30 

67 

59 

56 

52 

19 

9 

3  000 

85 

44 

1 

-\ 

_ 

0 

0 

254 

100 

98 

92 

177 

42 

40 

37 

0 

0 

0 

30 

77 

58 

58 

55 

19 

9 

1  100 

18 

2 

__ 

_ 

0 

0 

249 

106 

104 

96 

181 

42 

38 

86 

0 

0 

0 

32 

68 

64 

66 

60 

19 

10 

1000 

31 

4 

1 

J 

_ 

0 

0 

2J2 

96 

96 

87 

176 

40 

40 

84 

2 

0 

0 

34 

66 

56 

56 

53 

20 

11 

1050 

23 

2 

1 

_ 

_ 

0 

0 

241 

112 

100 

91 

165 

41 

40 

33 

0 

0 

0 

32 

76 

71 

60 

57 

21 

10 

34  400 

52 

5 

+ 

_ 

_ 

0 

0 

0 

136 

96 

98 

92 

90 

50 

44 

38 

0 

0 

0 

30 

46 

46 

54 

58 

11 

11 

30  000 

115 

15 

_ 

_ 

_ 

0 

0 

0 

126 

87 

92 

90 

91 

31 

86 

80 

0 

0 

0 

28 

35 

56 

56 

60 

11 

8 

10  000 

68 

30 

_ 

_ 

_ 

h 

0 

0 

0 

138 

81 

82 

86 

98 

30 

26 

26 

0 

0 

0 

16 

85 

51 

57 

60 

11 

7 

9  400 

40 

23 

_ 

_ 

_ 

0 

0 

0 

144 

83 

79 

81 

105 

28 

23 

24 

0 

0 

0 

10 

39 

55 

56 

57 

10 

1 

3  150 

50 

21 

H 

h 

_ 

_ 

0 

0 

0 

150 

91 

86 

82 

112 

40 

28 

22 

0 

0 

0 

10 

38 

51 

58 

59 

13 

6 

2  600 

50 

25 

H 

\- 

_i 

[_ 

0 

0 

0 

152 

87 

81 

80 

114 

41 

30 

28 

9 

0 

0 

20 

38 

46 

51 

52 

13 

8 

2  100 

44 

12 

[- 

_ 

_ 

0 

0 

156 

88 

87 

83 

116 

41 

33 

29 

0 

0 

0 

22 

39 

47 

54 

54 

12 

7 

1  800 

42 

10 

+ 

_ 

_ 

0 

0 

161 

86 

86 

82 

120 

39 

32 

80 

0 

0 

0 

22 

42 

47 

55 

52 

11 

7 

1200 

20 

8 

+ 

_ 

_ 

0 

0 

161 

89 

89 

88 

124 

39 

33 

29 

1 

0 

0 

22 

38 

49 

56 

59 

11 

7 

1200 

25 

2 

-l- 

-\ 

[_ 

0 

0 

176 

91 

95 

90 

130 

41 

33 

29 

1 

0 

0 

24 

46 

50 

62 

61 

14 

7 

1400 

36 

8 

4- 

_ 

0 

0 

178 

92 

92 

86 

184 

41 

37 

29 

0 

0 

0 

26 

43 

51 

55 

56 

12 

7 

1300 

25 

10 

_ 

_ 

0 

0 

177 

93 

88 

85 

186 

41 

37 

31 

0 

0 

0 

28 

42 

52 

52 

54 

15 

7 

1200 

27 

5 

+ 

_ 

_ 

0 

0 

192 

97 

91 

86 

143 

41 

35 

32 

0 

0 

0 

26 

49 

56 

56 

54 

14 

8 

1860 

85 

8 

-- 

181 

97 
94 

94 
92 

85 
86 

148 
139 

42 
42 

37 
"38 

82 
32 

12 
2 

0 

0.4 

0 
0.1 

28 
27 

49 
53 

55 
52 

58 
54 

53 
54 

13 
15 

8 
8 

2  100 

46 
42 

4 
13 

— 

— 

— 

— 

192 

4  009 



Coagulant  =  Sulphate  of  iron  or  sulphate  of  alumina. 


276 


lAfPROVED   WATER   AND   SEWAGE   WORKS,   COLUMBUS,   OHIO 


TABLE  12. — Water  Purification  Works — (Continued.) 
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on  August  17th,  1908,  a  partial  supply  of  filtered  water  was  begun,  the 
filtered  water  being  run  by  gravity  to  the  old  West  Side  Pumping 
Station  and  pumped  from  there.  On  October  28th,  1908,  the  old  West 
Side  Pumping  Station  was  shut  down,  the  old  East  Side  Pumping 
Station  having  been  shut  down  shortly  before,  and  since  this  date  the 
city  has  been  supplied  entirely  with  filtered  water  from  the  new  works. 
Filtration  began  regularly  on  August  19th,  1908,  and  softening  on 
September  22d,  1908. 

The  principal  contracts  for  the  work  were: 

Water  purification   works Westwater  and  Casey. 

Machinery   and   equipment The  Holly  Manufacturing  Company. 

Pumping  station  and  connections.  .  Westwater  and  Casey. 
Cast-iron  force  mains Westwater  and  Casey. 

Operation. 

The  daily  records  of  the  results  of  operation  of  the  water  purifica- 
tion works  for  the  eight  months,  January  to  August,  1909,  inclusive, 
are  presented  in  Table  12.  The  writer  has  not  been  in  charge  of  opera- 
tion, his  direct  connection  with  the  works  having  ceased  on  January 
1st,  1909,  and  it  is,  therefore,  through  the  courtesy  of  the  Engineer  and 
Chief  Chemist  of  the  works  that  he  is  enabled  to  present  these  results. 
A  detailed  discussion  of  the  methods  of  operation  and  of  the  results  is 
not  within  the  province  of  this  paper,  and,  therefore,  the  writer  will 
not  enter  into  this  phase  of  the  subject,  but  hopes  that  a  full  discussion 
may  be  presented  by  those  having  a  direct  oversight  of  the  works. 

The  problem  of  softening  and  filtering  the  Scioto  River  water  is 
an  exceedingly  complex  one,  as  the  water  is  subject  at  times  to  rapid 
fluctuations  in  turbidity,  color,  alkalinity,  and  incrustants,  and  in  the 
portion  of  magnesia  serving  as  a  coagulant.  Following  heavy  rains  the 
turbidity  rapidly  increases  while  the  hardness  correspondingly  decreases. 
Further,  some  of  the  turbidity  in  the  settling  basins  is  undoubtedly 
due  to  precipitates  coming  from  the  applied  chemicals. 

From  an  examination  of  the  data  in  Table  12  it  will  be  seen 
that  the  river  water  is  an  unusually  difficult  one  to  handle.  While 
it  may  be  noted  that  at  times  somewhat  abnormal  results  have  been 
obtained,  such  occasional  results  are  to  be  expected  in  a  plant 
passing  through  its  first  year  of  service,  especially  when  treating  a 
water  similar  to  that  of  the  Scioto  River  in  reference  to  which  there 
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was  available  a  very  limited  amount  of  information  as  to  the  best 
method  of  treating  the  water  under  variable  conditions,  as  was  the  case 
at  Columbus  when  the  works  were  designed.  The  bacterial  removal,  as 
a  rule,  has  been  very  satisfactory,  but  in  some  instances  the  numbers  in 
the  filtered  water  have  been  very  high,  due  to  bacterial  growths  in  the 
settling  basins,  in  the  filters,  or  in  both. 

While,  from  the  experience  obtained  during  the  first  year  of  service, 
it  has  been  found  that  for  greater  ease  of  operation  some  few  modifica- 
tions would  be  desirable,  the  results  obtained  demonstrate  conclusively 
that  the  design  of  the  works  is  a  sound  one,  and  that  the  works  are 
capable  of  producing  a  perfectly  satisfactory,  softened,  purified  water, 
suitable  in  all  respects  for  public  water-supply  purposes.  The  quality 
of  the  water  furnished  from  the  works  has  given  excellent  satisfaction 
among  the  water  consumers,  and  has  caused  the  abandonment  of  a  large 
number  of  rain-water  cisterns  throughout  the  city. 

II.— THE  IMPROVED  SEWAGE  WORKS. 

Before  describing  the  sewage  works  which  have  recently  been  com- 
pleted at  Columbus,  it  will  be  well  to  outline  briefly  the  sewerage 
system  of  the  city  and  explain  the  sewage  problem  which  presented 
itself  for  solution. 

Sewerage  System. — The  topography  of  Columbus  is  such  that,  in 
the  collection  of  the  storm-water  and  dry-weather  sewage,  the  city  is 
divided  naturally  into  three  districts :  the  East  Side  Sewer  District,  the 
Intercepting  Sewer  District,  and  the  West  Side  Sewer  District.  The 
outline  of  these  districts  is  shown  on  Fig.  1. 

The  East  Side  District  is  sewered  on  the  combined  system,  with  an 
outlet  sewer  in  East  Main  Street  emptying  into  Alum  Creek,  which  in 
turn  discharges  into  the  Scioto  River  a  few  miles  below  Columbus. 

The  Intercepting  Sewer  District  is  sewered  largely  on  the  combined 
system,  the  outlets  of  the  numerous  main  sewers  being  along  the  east 
bank  of  the  Olentangy  and  Scioto  Rivers.  The  dry-weather  flow  in 
the  combined  system,  however,  is  intercepted  and  discharged  into  an 
intercepting  sewer  which  starts  at  the  north  end  of  the  city  and  runs 
south  along  the  east  bank  of  the  two  rivers,  the  outlet  formerly  being 
on  the  east  bank  of  the  Scioto  River  about  2|  miles  below  the  center  of 
the  city. 

The  West  Side  District  is  sewered  largely  on  the  separate  system, 
the  sewer  outlets  being  along  the  west  bank  of  the  Scioto  River.    The 
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dry-weather  flow  in  the  combined  sewers,  however,  is  intercepted  and 
discharged  into  the  sanitary  system. 

In  the  West  Side  District  a  portion  of  the  ground  is  low,  and,  in 
the  past,  during  periods  of  high  water  in  the  river,  some  of  the  sewers 
have  overflowed,  flooding  certain  of  the  streets  and  numerous  cellars. 
As  previously  stated,  the  discharge  of  sewage  into  Alum  Creek  and  the 
Scioto  River  during  periods  of  low  water  had  been  the  cause  of  offensive 
conditions. 

Outline  of  Seiuage  Problem It  should  be  mentioned  here  that  no 

public  water  supply  is  taken  from  the  Scioto  River  below  Columbus. 
At  Portsmouth,  Ohio,  100  miles  from  Columbus,  where  the  Scioto 
discharges  into  the  Ohio  River,  however,  the  water  supply  is  taken  from 
the  Ohio,  but  at  a  point  some  distance  above  the  junction  of  the  two 
rivers. 

From  the  brief  description  of  conditions  just  given,  it  will  be  seen 
that  the  sewage  problem  resolved  itself  first  into  the  elimination  of  the 
direct  discharge  of  sewage  into  Alum  Creek  and  the  Scioto  River,  which 
could  be  accomplished  by  the  construction  of  purification  works  at  one 
or  more  points,  in  which  the  treatment  of  the  sewage  would  be  such  that 
the  effluent,  discharged  into  either  Alum  Creek  or  the  Scioto  River, 
would  at  all  times  be  non-putrescible,  and  second,  the  prevention  of  the 
overflowing  of  the  sewers  on  the  west  side. 

Preliminary  Investigations. — The  first  step  taken  toward  the  solu- 
tion of  the  sewage  problem  was  a^  joint  investigation  made  by  Julian 
Griggs,  M.  Am.  Soc.  C.  E.,  Chief  Engineer  of  the  Department  of  Public 
Improvements,  and  John  W.  Alvord,  M.  Am.  Soc.  C.  E.,  Consulting 
Engineer.  Their  report,  which  was  made  in  May,  1898,  was  based  on 
the  best  information  then  available,  and  the  several  projects  which 
they  studied  involved  all  the  well-known  methods  of  purification  which 
had  received  consideration,  not  only  in  the  United  States,  but  in  Eng- 
land. Their  recommendation,  in  brief,  besides  extensions  and  improve- 
ments to  the  sewerage  system  and  the  construction  of  pumping  stations 
necessary  to  deliver  the  dry-weather  sewage  at  the  purification  works, 
was  the  screening  of  the  sewage  and  its  double  filtration  through  coke 
at  a  net  rate  of  500  000  gal.  per  acre  per  24  hours.  The  works  proposed 
were  to  treat  20  000  000  gal.  of  sewage  per  24  hours,  but  it  was  advised 
that  only  2  acres  of  the  coke  beds,  practically  contact  filters,  be  built 
at  the  start,  and  that  these  beds  be  then  operated  for  a  year  under 
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expert  supervision,  after  which,  from  the  practical  experience  gained, 
the  remaining  beds  were  to  be  constructed. 

No  further  action  was  taken,  after  the  submission  of  the  report  by 
Messrs.  Alvord  and  Griggs,  until  1901,  when  Mr.  Rudolph  Hering  was 
asked  to  review  the  whole  sewage  problem.  In  May,  1901,  Mr.  Hering 
reported  in  favor  of  the  construction  of  septic  tanks  followed  by  inter- 
mittent filtration  through  sand,  endorsing  also  the  previous  recom- 
mendation that  a  portion  only  of  the  works  be  constructed  at  first  and 
operated  for  a  period  of  at  least  one  year  before  designing  and  construct- 
ing the  remainder.  Mr.  Hering  also  endorsed  the  recommendations  made 
by  Messrs.  Alvord  and  Griggs  relative  to  the  construction  of  pumping 
stations  and  the  revisions  and  extensions  of  the  sewerage  system.  It 
was  not  until  November,  1903,  however,  that  the  first  funds  were  pro- 
vided so  that  the  carrying  out  of  the  sewage  improvements  was 
assured. 

Experimental  Investigation. — From  the  previous  investigations  and 
studies,  the  general  character  and  scope  of  the  various  parts  of  the 
improvement  had  been  reasonably  well  outlined,  but  the  engineers  were 
confronted  with  the  problem  of  designing  a  purification  works  a  part 
of  which  was  to  be  built  and  operated  experimentally  for  a  year,  and 
which  must  be  arranged  so  as  to  fit  in  as  an  integral  part  of  the  perma- 
nent construction.  After  further  thought  and  study,  it  was  concluded 
that  it  would  be  a  wiser  plan  to  make  an  extended  experimental 
investigation,  on  a  practical  scale,  of  the  various  methods  of  sewage 
purification,  for  a  period  of  at  least  one  year,  in  order  to  determine  the 
most  efiicient  and  economical  method,  and  then  to  design  the  purifica- 
tion works  accordingly.  The  co-operation  of  the  City  Council  was 
therefore  asked,  and  it  very  generously  responded  by  appropriating 
the  sum  of  $46  000  for  experimental  purposes.  Immediately  following 
this  appropriation,  a  sewage  testing  station  was  designed  and  built,  in 
which,  from  August  16th,  1904,  to  July  30th,  1905,  various  methods  of 
sewage  purification  were  studied  exhaustively.  As  it  is  not  the  purpose 
of  this  paper  to  discuss  the  results  of  this  investigation,  a  full  report 
of  which  has  already  been  published,*  it  will  be  sufficient  to  state  the 
indications  of  the  experimental  work,  namely,  that,  under  the  local 
conditions,  the  Columbus  sewage  could  be  treated  most  satisfactorily 
and    economically    in    a   purification   works    comprising   septic    tanks, 

*  Report  on  Sewage  Purification  at  Columbus,  Ohio,  1905,  by  George  A.  Johnson,  Assoc. 
M.  Am.  Soc.  C.  E. 
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sprinkling  filters,  and  settling  basins,  and  this  method  was  therefore 
adopted.  While  the  investigation  showed  that  satisfactory  results  could 
be  obtained  by  preliminary  clarification  and  subsequent  filtration 
through  sand,  it  also  showed,  for  the  first  time  in  the  United  States, 
that  sprinkling  filters  could  be  operated  in  a  northern  climate  and 
produce  a  satisfactory  effluent  at  less  cost  than  any  other  type  of 
filter. 

Brief  Outline  of  Woi-ks. — The  preliminary  investigations  made  by 
Messrs.  Griggs,  Alvord,  and  Hering,  and  subsequent  ones  made  by  the 
engineering  organization,  indicated  that  it  would  be  most  advisable  and 
economical  to  build  and  operate  one  purification  works  rather  than  two, 
and  that  the  most  feasible  site  for  the  works  was  on  the  Scioto  River 
south  of  the  city. 

Briefly  stated,  the  dry- weather  flow  of  the  whole  city  is  brought  to 
one  point,  where  a  pumping  station,  known  as  the  Main  Sewage  Pump- 
ing Station,  has  been  built.  To  accomplish  this  result,  it  has  required 
the  construction  of  a  small  pumping  station  near  Alum  Creek,  known 
as  the  East  Side  Sewage  Pumping  Station,  where  the  sewage  from  the 
East  Side  Sewer  District  is  intercepted  and  pumped  through  a  force 
main  discharging  into  the  upper  end  of  one  of  the  main  sewers  in  the 
Intercepting  Sewer  District,  the  extension  of  the  intercepting  sewer 
across  the  Scioto  River,  and  the  construction  of  a  new  sanitary  sewer 
connecting  with  the  West  Side  Sewer  District,  and  the  reconstruction 
of  a  portion  of  the  sewerage  system  in  that  district.  Erom  the  Main 
Sewage  Pumping  Station  the  sewage  is  pumped  through  a  force  main 
to  sewage  purification  works  where  the  sewage  is  treated,  the  effluent 
from  the  works  passing  into  the  Scioto  River.  The  Main  Sewage 
Pumping  Station  is  also  arranged  to  pump  storm-water  from  the  West 
Side,  one  of  the  storm-water  sewers  having  been  extended  to  the  pump- 
ing station.  In  addition,  the  work  has  included  about  2.55  miles  of 
levee  construction,  a  railroad  spur,  1.85  miles  in  length,  and  a  single- 
track  railroad  bridge  across  the  Scioto  River.  The  location  of  the 
various  parts  of  the  work  are  shown  on  Fig.  1. 

East   Side   Sewage  Pumping   Station  and  Force  Main. 

The  East  Side  Sewage  Pumping  Station  is  located  on  the  south 
side  of  East  Main  Street  and  about  400  ft.  west  of  Alum  Creek.  A 
general  plan  of  the  station  and  connections  is  shown  on  Fig.  13,  and 
the  detail  of  the  pumping  station  on  Plate  XXII. 
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Connections. — Passing  in  front  of  the  pumping  station  there  is  a 
9 -ft.  combined  sewer  which  serves  as  the  outfall  sewer  for  the  East 
Side  Sewer  District.  A  low  dam  constructed  in  the  bottom  of  this 
sewer  intercepts  the  dry-weather  flow  and  first  wash  of  the  storm  flow, 
diverting  it  into  a  24-in.  intake  pipe  connecting  with  the  substructure 
of  the  pumping  station.  Connections  are  also  made  with  the  water 
main  and  high-pressure  natural-gas  main  in  the  street.  The  electric 
light  and  telephone  wires  are  brought  in  through  a  three-duct  vitrified 
conduit. 

Substructure. — The  sewage  is  first  admitted  to  a  long  chamber, 
serving  as  a  sand-catcher,  is  screened  to  remove  the  coarser  matters  in 
suspension,  and  then  passes  into  the  suction  well.  The  screening  device 
consists  of  two  cages,  of  steel-frame  construction,  holding  removable 
sets  of  screens  made  up  of  |-in.  square  bars,  1  in.  apart  in  the  clear. 
The  cages  are  raised  and  lowered  by  hand  by  a  movable  screen  lifter 
hung  from  a  traveling  hoist  and  runway  just  below  the  ceiling  of  the 
screen-room  above.  The  substructure  is  of  concrete,  reinforced  at 
various  points.  In  the  substructure  of  the  engine-room,  in  which  it 
was  necessary  to  locate  the  pumps  and  engines  on  account  of  the  suc- 
tion lift,  the  walls  are  lined  with  hard  vitrified  red  pressed  brick. 

Superstructure. — The  walls  of  the  superstructure  are  of  brick,  faced 
outside  with  red  pressed  brick.  In  the  engine-room  the  walls  are  lined 
with  light-buff  speckled  pressed  brick,  and  in  the  screen-room  with 
hard  red  brick.  The  stone  trimmings  are  all  of  Bedford,  Ind.,  lime- 
stone. The  ceilings  in  both  rooms  are  of  plaster  on  metal  lath  fastened 
to  the  lower  chords  of  the  roof  trusses.  The  roof  is  of  3-in.  hollow 
terra  cotta  tile  and  slate  carried  by  steel  trusses  and  intermediate 
framing. 

Pumping  Machinery. — The  pumping  machinery  is  installed  in 
duplicate.  Each  unit  consists  of  a  Columbus,  horizontal,  four-stroke- 
cycle,  gas  engine,  connected  by  a  Morse,  silent-running,  high-speed 
chain  to  a  horizontal,  single-stage,  Worthington,  volute  pump  with 
12-in.  suction  and  10-in.  discharge  nozzles.  The  engine  is  capable  of 
developing  90  h.p.  when  operating  on  natural  gas  having  a  thermal 
value  of  about  1  000  B.  t.  u.  per  cu.  ft.  When  running  together  each 
unit  has  a  rated  capacity  of  2  200  000  gal.  per  24  hours  against  a  head 
of  75  ft.,  and  when  running  alone  a  maximum  capacity  of  2  900  000 
gal.  per  24  hours  against  a  head  of  63  ft.  For  starting  the  engines,  the 
equipment  includes  a  small  motor-driven  air  compressor  and  air  tank. 
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Force  Main. — The  sewage  is  pumped  through  a  20-in.  cast-iron 
force  main  to  a  point  about  8  180  ft.  from  the  pumping  station  where 
it  is  discharged  into  the  upper  end  of  the  Mound  Street  Sewer,  this 
sewer  in  turn  discharging  into  the  intercepting  sewer  on  the  east  bank 
of  the  Scioto  River.  The  flow  is  measured  by  a  20-in.  Venturi  meter, 
the  register,  chart  recorder,  and  manometer  being  placed  in  the  pump- 
ing station.  The  meter  tube  is  of  special  construction,  and  between 
the  tube  and  the  register  and  manometer,  oil  seals  are  interposed  to 
keep  the  sewage  out  from  the  latter. 

Levees,  Railroad  Spur,  and  Bridge. 

The  sites  chosen  for  the  main  sewage  pumping  station  and  for  the 
purification  works,  while  possessing  many  advantages,  were  not  readily 
accessible  for  the  delivery  of  materials,  not  being  near  a  railroad,  and 
the  Scioto  River  not  being  a  navigable  stream.  In  considering  the  cost 
of  the  work,  it  was  seen  that  a  large  expense  would  be  incurred  in 
hauling  construction  materials,  for  which  there  would  be  no  apparent 
return.  It  was  decided,  therefore,  that  it  would  be  economical  in  the 
long  run  to  build  a  permanent  railroad  spur  connecting  with  the  main 
line  of  the  Hocking  Valley  Railway,  over  which  cars  could  be  switched 
directly  to  the  sites  of  the  two  works. 

The  ground  near  the  river  south  of  the  city  is  relatively  low,  and 
during  high  floods  was  sometimes  submerged,  the  river  overflowing  the 
old  existing  levees.  In  order  that  the  railroad  spur  might  at  all  times 
be  above  high  water,  new  levees  have  been  constructed,  on  which  the 
spur  has  been  built.  The  levees,  therefore,  serve  the  double  purpose  of 
providing  an  excellent  location  for  the  spur  and  of  protecting  a  large 
amount  of  property.  The  city  was  especially  interested  in  building  the 
levees,  as  it  is  the  owner  of  a  large  tract  of  the  land  which  was  some- 
times submerged. 

Levees  and  Railroad  Spur. — The  spur  starts  at  the  Hocking  Valley 
Railway,  at  the  foot  of  Moler  Street,  and  extends  southwest  to  a  point 
where  it  crosses  the  river  by  a  bridge,  after  which  it  follows  south 
along  the  west  bank  of  the  river  past  the  pumping  station  and  down 
to  the  purification  works.  The  total  length  of  the  spur  is  1.85  miles. 
The  levees  have  a  top  width  of  16  ft.  and  side  slopes  of  1.5  horizontal 
to  1  vertical,  are  about  13  ft.  above  the  general  level  of  the  ground, 
and  were  built  of  a  mixture  of  loamy  and  sandy  material  obtained 
along  the  line.    At  several  points  the  levees  are  pierced  by  small  con- 
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Crete  culverts,  the  outlets  at  the  river  bank  being  protected  by  flap- 
valves. 

Bridge. — The  spur  is  carried  across  the  river  by  a  single-track 
through  bridge,  consisting  of  three  spans,  150  ft.  6  in.  in  length,  or  a 
total  of  457  ft.  6  in.  from  center  to  center  of  end  pins.  The  substruc- 
ture consists  of  two  abutments  and  two  piers  of  concrete  supported  on 
timber  piles.  The  abutments  have  a  total  height  of  32  ft.  8  in.  and 
the  piers  a  height  of  34  ft.  The  superstructure  consists  of  steel,  pin- 
connected,  Pratt  trusses,  designed  for  a  live  load  corresponding  to 
Cooper's  Class  £'-40  loading.  The  bridge  has  a  clear  width  of  14  ft. 
between  trusses  and  a  clear  height  of  22  ft.  above  the  base  of  the  rails. 
The  timber  floor  is  carried  on  four  track  stringers. 

Sewer,   Water,   and   Gas   Main   Extensions. 

Intercepting  Sewer. — The  intercepting  sewer,  which  drains  the 
greater  part  of  the  built-up  portion  of  the  city,  formerly  discharged 
on  the  east  bank  of  the  river.  This  sewer  has  been  extended  across 
under  the  river  a  distance  of  about  540  ft.  to  a  sand-catcher  connected 
with  the  Main  Sewage  Pumping  Station.  The  extension  consists  of  y 
48-in.  cast-iron  pipe  surrounded  by  concrete.  On  the  east  bank,  just 
back  of  the  connection  with  the  old  sewer,  a  relief  outlet  has  been  pro- 
vided which  will  open  automatically  if  the  flow  of  sewage  is  shut  off 
at  the  sand-catcher  or  at  the  pumping  station. 

West  Side  Sanitary  Sewer. — In  order  to  bring  the  dry-weather  flow 
of  sewage  from  the  west  part  of  the  city  to  the  pumping  station,  a 
new  sewer,  1.85  miles  in  length,  called  the  West  Side  Sanitary  Sewer, 
has  been  built.  For  a  portion  of  the  way  the  sewer  is  of  brick  and 
concrete,  but,  from  the  point  where  it  is  built  in  connection  with  the 
Eenick  Run  Storm- Water  Sewer,  it  is  entirely  of  concrete.  At  the 
upper  end  its  diameter  is  3  ft.,  enlarging  farther  down  to  3  ft.  6  in., 
and  the  concrete  section,  in  connection  with  the  storm-water  sewer, 
is  3  ft.  6  in.  by  3  ft.  6  in.,  with  vertical  side-walls.  An  outlet  to  the 
river  has  been  provided,  and,  where  this  sewer  joins  with  the  storm- 
water  sewer,  a  sand-catcher  and  relief  outlet  have  been  built.  In  order 
to  divert  the  flow  of  sewage  to  this  new  sewer,  certain  reconstruction  of 
the  sewerage  system  in  the  west  part  of  the  city  has  been  necessary. 

BenicJc  Run  Storm-Water  Sewer. — The  storm-water  from  a  part  of 
the  west  side  of  the  city  is  carried  away  by  the  Renick  Run  Storm- 
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Water  Sewer  which  discharged  formerly  into  the  Renick  Run  Ditch,  on 
the  property  of  the  city,  about  3  050  ft.  west  of  the  pumping  station. 
This  sewer  has  been  extended  to  the  pumping  station  and  river.  The 
sewer  is  of  concrete,  with  vertical  side-walls,  is  8  ft.  by  7  ft.  4  in. 
enlarging  to  10  ft.  by  9  ft.  3  in.,  and  is  built  in  connection  with  the 
West  Side  Sanitary  Sewer.  There  is  a  sand-catcher  on  the  branch 
leading  to  the  pumping  station.  At  the  Renick  Run  Ditch,  there  is 
also  a  relief  which  will  come  into  play  if,  for  any  reason,  the  pumping 
station  should  cease  pumping  storm-water  during  a  period  of  high  water 
in  the  river. 

Dry-Flow  Sewer. — A  portion  of  the  sanitary  sewage  from  the  West 
Side  is  also  carried  by  the  old  4-ft.  Dry-Flow  Sewer.  This  sewer, 
although  at  present  in  bad  shape,  has  been  extended  to  the  pumping 
station  and  a  new  outlet  to  the  river  provided.  With  additional  ex- 
tensions of  the  sewerage  system  in  the  city,  it  is  proposed  to  abandon 
it  as  a  sanitary  sewer  and  use  it  only  for  storm-water. 

Water  Main. — To  provide  a  suitable  water  supply  under  pressure 
at  the  pumping  station  and  purification  works,  it  has  been  necessary 
to  lay  a  10-in.  water  main,  2.05  miles  in  length,  connecting  with  the 
distribution  system  in  the  city  at  the  corner  of  High  Street  and 
Neff  Avenue. 

Gas  Mam. — For  supplying  natural  gas  for  light  and  power  at  the 
sewage  purification  works,  a  2-in.  high-pressure  gas  main,  1.65  miles 
in  length,  has  been  laid  from  the  high-pressure  gas  main  of  the 
Federal  Gas  Company  in  Stimmel  Road  to  the  purification  works. 

Main  Sewage  Pumping  Station. 

The  Main  Sewage  Pumping  Station  is  on  the  west  bank  of  the 
Scioto  River  about  21  miles  south  of  the  center  of  the  city.  Fig.  14 
shows  the  location  of  the  pumping  station  and  connections,  and  the 
structures  immediately  adjacent.  Although  the  station  is  protected 
from  the  river  by  the  new  levee,  it  was  considered  wise,  as  an  addi- 
tional safeguard,  to  enclose  the  pumping  station  lot  with  a  levee  also. 
The  levee  around  the  lot  has  the  same  dimensions  as  the  levees  on 
which  the  railroad  spur  is  built,  but  this  levee  and  that  back  of  the 
station  immediately  adjacent  to  the  river  were  built  with  carefully 
selected  materials  placed  in  layers  and  well  rolled.  The  general 
arrangement  of  the  machinery  and  equipment,  and  sections  through 
the  building,  are  shown  on  Fig.  15. 
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Connections. — The  connections  to  the  pumping  station  are  shown 
on  Fig.  14,  and  need  but  little  description.  The  sanitary  sewage,  and 
the  storm-water  when  it  is  necessary  to  pump  it,  first  flows  into  the 
substructure  under  the  screen -room,  where  it  is  screened,  then  passes 
into  the  suction  wells  and  is  pumped  out  through  either  or  both  of  the 
force  mains.  One  force  main,  for  the  sanitary  sewage,  leads  to  the 
purification  works,  about  1.2  miles  away,  and  the  other,  for  the  storm- 
water,  leads  to  the  river  directly  back  of  the  pumping  station. 

Building. — The  substructure  consists  principally  of  screen  chambers 
and  of  a  basement  under  the  engine-room.  Below  the  basement  there 
are  three  suction  wells,  one  for  the  East  Side  sanitary  sewage,  one  for 
the  West  Side  sanitary  sewage,  and  the  third  for  the  West  Side  storm- 
water.  By  means  of  a  by-pass  outside  of  the  screen  chambers,  any  one 
or  all  of  the  wells  can  be  used.  The  substructure  is  entirely  of  con- 
crete, reinforced  at  points. 

The  superstructure  consists  of  a  screen-room,  engine-room,  boiler- 
room,  office,  lavatory,  and  coal  pocket.  The  building  proper  is  of  brick 
and  the  coal  pocket  of  concrete,  the  type  of  construction  in  both  cases 
being  in  general  similar  to  that  of  the  Scioto  River  Pumping  Station, 
already  described.  The  coal  pocket  has  a  capacity  of  380  tons,  or 
about  40  days'  supply  at  the  present  rate  of  consumption. 

The  chimney,  which  is  of  hollow  radial  brick  construction,  built  by 
the  Alphons  Custodis  Chimney  Construction  Company,  is  5  ft.  in 
diameter  inside  the  fire-brick  lining,  and  130  ft.  high  above  the  boiler- 
room  floor.    The  foundation  of  the  chimney  is  carried  on  timber  piles. 

High  water  in  the  river  is  about  6  ft.  above  the  engine-room  floor, 
and  in  case  of  a  break  which  would  flood  the  pumping-station  lot  the 
station  itself  would  be  flooded.  To  care  for  this  emergency,  stop-plank 
grooves  have  been  built  in  all  the  window  and  door  openings,  and  a 
full  set  of  stop-planks  provided. 

Screening  Devices. — In  the  screen  chambers  for  the  East  Side  and 
West  Side  sanitary  sewage,  the  screening  devices  consist  of  cages  of 
steel-frame  construction  holding  removable  sets  of  screens,  two  cages 
to  each  chamber.  In  the  front  cages  the  screens  are  of  |-in.  round 
bars  1  in.  apart,  in  the  clear,  and  in  the  rear  cages  of  f-in.  round  bars 
J  in.  apart  in  the  clear.  On  the  floor  above  the  chambers  there  is  an 
iron  superstructure  from  which  the  cages  are  hung,  the  cages  being 
raised  and  lowered  by  simple  reversing  steam  engines  carried  on  the 
superstructure.    In  the  screen  chamber  for  the  West  Side  storm-water, 
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which  is  used  only  when  it  is  necessary  to  pump  storm-water,  there  is 
a  double  set  of  vertical  steel-frame  screens  of  |-in.  round  bars  1  in. 
apart,  in  the  clear,  each  section  being  provided  with  a  catch-pan.  The 
screens  are  raised  and  lowered  by  hand  by  a  movable  screen  lifter  hung 
from  a  traveling  hoist  and  runway  carried  on  the  lower  chord  of  one  of 
the  roof  trusses.  The  material  removed  from  the  screens  is  disposed 
of  on  land. 

Low-Lift  Pumping  Machinery. — For  pumping  the  sewage  and 
storm-water,  five  low-lift  pumping  units  have  been  installed,  space 
being  left  for  a  sixth,  unit.  Each  unit  consists  of  a  single-suction, 
horizontal,  Worthington,  volute  pump,  direct-connected  to  a  vertical, 
cross-compound.  Reeves  engine.  Three  of  the  punaps  have  20-in.  suc- 
tion and  discharge  pipes,  and  have  a  normal  capacity  of  11  000  000  gal. 
per  24  hours  against  a  total  suction  and  discharge  head  of  25  ft.,  and 
a  maximum  rated  capacity  of  14  000  000  gal.  per  24  hours  against  a 
total  head  of  30  ft.  The  two  smaller  pumps  have  12-in.  suction  and 
discharge  pipes,  and  have  a  normal  capacity  of  4  000  000  gal.  per  24 
hours  against  a  total  suction  and  discharge  head  of  28  ft.,  and  a  maxi- 
mum rated  capacity  of  6  000  000  gal.  per  24  hours  against  a  total  head 
of  32  ft.  Each  of  the  five  units  can  draw  from  any  one  of  the  three 
suction  wells,  as  desired. 

Boilers  and  Accessories. — In  the  boiler-room  there  are  three  150-h.p., 
Babcock  and  Wilcox,  horizontal,  water-tube  boilers  carrying  steam  at 
160  lb.  pressure,  space  being  left  for  a  fourth  boiler.  In  the  basement 
of  the  engine-room  there  are  two  surface  condensers  and  two  vacuum 
pumps,  and  in  the  boiler-room  a  Green  economizer,  two  boiler  feed 
pumps,  a  heater,  and  a  hot  well. 

Generators  and  Crane.— The  building  is  lighted  by  two  10-kw., 
250-volt,  direct-current  generators,  each  direct-connected  to  a  vertical, 
simple  engine.  In  the  engine-room  there  is  a  6-ton,  Case,  hand,  travel- 
ing crane  having  a  span  of  41  ft.  4  in.  and  a  travel  the  full  length  of 
the  room. 

Connections  Between  Main   Sewage  Pumping  Station  and 
Sewage  Purification  Works. 

From  the  pumping  station  the  sewage  is  pumped  through  a  48-in. 
cast-iron  force  main,  1.2  miles  in  length,  to  the  sewage  purification 
works.  In  the  force  main,  just  outside  of  the  pumping  station,  is 
placed  a  48-in.  Venturi  meter  of  special  construction,  similar  to  that 
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used  on  the  East  Side  sewage  force  main.     The  primary  indicating 
and  registering  devices  are  in  the  engine-room. 

A  pole  line  from  the  pumping  station  to  the  purification  works 
carries  telephone  wires  and  wires  connecting  with  a  secondary  Venturi 
indicating  and  recording  device  in  the  gate-house  at  the  purification 
works. 

The   Sewage  Purification  Works. 

The  sewage  purification  works  are  on  the  west  bank  of  the  Scioto 
River,  the  upper  end  being  about  1.2  miles  below  the  Main  Sewage 
Pumping  Station  and  about  3.5  miles  south  of  the  center  of  the  city. 

Type  and  Capacity. — As  previously  mentioned,  the  purification 
works  comprise  septic  tanks,  sprinkling  filters,  and  settling  basins,  the 
present  installation  having  a  net  normal  capacity  of  20  000  000  gal. 
per  24  hours.  The  arrangement  of  the  works,  however,  is  such  that 
they  may  be  extended  to  an  ultimate  capacity  of  30  000  000  gal.  per  24 
hours,  and  the  main  conduits  will  carry  45  000  000  gal.  per  24  hours. 
A  general  plan  of  the  works  is  given  on  Plate  XXIII,  and  on  Plate 
XXIV  is  shown  more  in  detail  the  arrangement  of  the  several  struc- 
tures and  the  layout  of  the  various  conduits  and  pipe  lines. 

It  will  probably  be  noticed  by  some  that  certain  of  the  details, 
especially  in  the  sprinkling  filters,  are  somewhat  different  from  what 
might  be  said  to  be  current  practice.  In  considering  these  details, 
however,  it  should  be  borne  in  mind  that  the  Columbus  sewage  purifi- 
cation works  were  the  first  designed,  and  at  present  are  the  largest 
of  their  type  now  under  operation,  in  the  United  States.  When 
the  works  were  designed,  in  1905,  the  only  precedent  was  English 
practice,  where  the  sewage  treated  was  much  stronger  than  is  that  at 
Columbus,  and,  while  excellent  results  had  been  obtained  from  the 
English  works,  many  of  the  details  adopted  there  would  hardly  have 
been,  and  still  would  not  be,  suitable  for  works  subject  to  periods  of 
severe  winter  weather,  as  in  Columbus. 

During  the  last  four  years  much  thought  and  study  have  been  given 
to  improving  the  details  of  construction  and  operation  of  sprinkling 
filters  in  the  United  States,  and  while,  as  previously  mentioned,  some- 
what different  details  have  been  adopted  in  some  of  the  more  recent 
works,  an  examination  of  the  designs  seems  to  indicate  that  the  details 
adopted  and  the  experience  obtained  at  Columbus  have  served  as  a 
basis  from  which  to  work. 
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Levee. — For  protection  from  floods,  the  works  are  surrounded  by  a 
levee  about  6  100  ft.  long,  its  top  being  6  ft.  above  the  highest  recorded 
water  level  in  the  river  and  from  10  to  15  ft.  above  the  ground.  The 
levee  is  16  ft.  wide  on  top,  and  has  side  slopes  of  li  horizontal  to  1 
vertical,  the  inner  slope  being  dressed  with  loam  and  seeded.  The  rail- 
road spur,  vt^hich  terminated  on  the  levee  east  of  Settling  Basin  No.  1, 
has  been  extended,  since  the  purification  works  were  finished,  to  con- 
nect with  the  garbage  reduction  works  now  under  construction.  A 
branch  spur  runs  over  to  the  north  end  of  the  septic  tanks. 

Septic  Tanks. 

There  are  six  septic  tanks,  four  so-called  primary  tanks  and  two 
secondary  tanks;  the  details  are  shown  on  Plate  XXV.  The  primary 
tanks  are  56  ft.  6  in.  by  150  ft.,  and  the  secondary  tanks  are  115  ft. 
6  in.  by  262  ft.  The  tanks,  throughout,  are  of  concrete,  are  not  cov- 
ered, and  are  approximately  12  ft.  deep  to  the  high-water  line.  Each 
primary  tank  has  a  capacity  of  710  000  gal.  and  each  secondary 
tank  2  590  000  gal.  The  four  primary  tanks  have  a  total  capacity  of 
2  840  000  gal.  and  the  two  secondary  tanks  a  total  of  5  180  000  gal., 
making  a  grand  total  of  8  020  000  gal. 

Design. — The  tanks  were  designed  with  the  object  of  not  only  plac- 
ing the  outlets  as  far  as  possible  from  the  inlets,  but  also  of  keeping 
the  sludge  as  much  as  possible  away  from  the  outlets,  this  being  ac- 
complished by  dividing  the  tanks  longitudinally  by  transverse  walls 
into  three  sections.  To  meet  varying  conditions  in  the  character  of  the 
sewage  and  in  the  quantity  treated,  the  design  was  made  very  flex- 
ible, it  being  possible  to  use  any  combination  of  one  or  more  primary 
tanks  with  either  or  both  secondary  tanks. 

Operation. — As  designed,  the  tanks  were  to  be  operated  so  that 
the  rate  of  discharge  from  them  would  be  practically  constant  during 
the  24  hours,  the  rate  to  be  adjusted  so  that  the  total  quantity  drawn 
out  would  be  as  nearly  as  possible  equal  to  the  total  quantity  pumped 
in.  As  the  rate  of  pumping  varies  from  hour  to  hour,  the  surface 
level  in  the  tanks,  of  course,  fluctuates.  With  the  mean  hourly  varia- 
tion in  the  dry-weather  flow,  as  determined  during  the  experiments  at 
the  testing  station,  with  the  tanks  all  in  service,  and  with  a  total  flow 
of  20  000  000  gal.  in  24  hours,  the  fluctuation  would  amount  to  about 
3.1  ft.,  giving  a  minimum  depth  of  about  8.9  ft.  and  a  maximum  depth 
of  about  12  ft.  in  the  tanks.     On  this  basis,  the  average  period  of  flow 
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through  the  tanks  would  be  about  8^  hours.  In  the  operation  of  the 
works,  however,  it  has  been  found  that  satisfactory  results  have  been 
obtained  by  maintaining  a  constant  level  in  the  tanks,  and  the  tanks 
are  now  operated  in  this  way. 

North  Wall. — The  48-in.  sewage  force  main  terminates  in  a  bell- 
mouth  at  the  center  of  the  north  wall.  The  north  wall  is  of  a  com- 
bined construction,  consisting  of  a  5  ft.  6-in.  reinforced  distributing 
conduit  carrying  a  small  retaining  wall  above.  Sewage  is  admitted 
into  each  primary  tank  from  the  top  of  the  conduit  portion  through 
four  2-ft.  sluice-gates,  the  center  of  the  gates  being  about  2  ft.  8  in. 
below  the  low-water  line  in  the  tanks.  By  means  of  grooves  and  mov- 
able stop-planks,  the  distributing  conduit  may  be  divided  into  two 
sections,  so  that  either  half  may  be  drained  for  inspection  while  the 
other  half  is  in  service. 

Collecting  and  Distributing  Wall. — The  primary  tanks  are  sepa- 
rated from  the  secondary  tanks  by  a  heavy  wall  of  cored  construction, 
called  the  collecting  and  distributing  wall.  In  the  middle  of  this  wall 
there  is  a  5-ft.  collecting  and  distributing  conduit,  sewage  from  each 
primary  tank  flowing  into  the  conduit  through  four  2-ft.  sluice-gates, 
and  passing  out  into  each  secondary  tank  through  eight  2-ft.  sluice- 
gates. In  the  bottom  of  the  wall  there  is  a  3  ft.  4-in.  by  5-ft.  blow-off 
conduit,  and  in  the  top  there  is  an  overflow  channel  which  connects 
with  the  blow-off  conduit  below,  sewage  from  the  primary  and  second- 
ary tanks  flowing  into  the  overflow  channel  over  numerous  weirs 
ranged  along  each  side  of  the  channel.  These  weirs  would  come  into 
play  only  to  prevent  overflowing  the  outside  walls  of  the  tanks. 

The  sludge  drains,  in  the  primary  tanks  and  in  the  upper  section 
of  each  secondary  tank,  discharge,  through  small  drain  chambers, 
directly  into  the  blow-off  conduit  in  the  collecting  and  distributing 
wall.  In  the  lower  section  of  each  secondary  tank  the  sludge  drains 
discharge  into  a  drain  chamber  located  in  the  line  of  the  dividing 
wall  between  the  secondary  tanks,  and  thence  through  a  2  by  3-ft. 
blow-off  drain  under  the  dividing  wall  into  the  blow-off  conduit  in  the 
collecting  and  distributing  wall.  The  arrangement  of  the  sludge 
drains  permits  each  primary  tank  and  each  section  of  each  secondary 
tank  to  be  drained  independently. 

Baffle  Wall. — Each  secondary  tank  is  divided  into  two  sections  by 
a  low  baffle  wall,  to  hold  back  the  sludge  at  the  bottom  of  the  upper 
half  of  the  tank,  the  top  of  the  wall  being  about  1  ft.  below  low-water 
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level.  On  the  up-stream  side  of  the  wall,  and  hinged  to  it,  there  is  a 
floating  scum-board,  of  cypress,  to  hold  back  any  scum  which  might 
form  in  the  upper  half  of  the  tank. 

South  Wall. — The  south  wall  is  similar  in  construction  to  the 
north  wall,  but  the  collecting  conduit  is  not  reinforced.  The  effluent 
from  each  secondary  tank  is  drawn  off  through  eight  2-ft.  sluice-gates, 
a  reinforced  concrete  baffle  and  a  floating  scum-board  holding  back 
the  sludge  and  any  scum  which  might  possibly  form. 

Dividing  Walls  and  Floors. — All  the  dividing  walls  have  a  gravity 
section.  The  east  and  west  outside  walls  have  the  same  section  as  the 
dividing  walls,  as  they  will  become  dividing  walls  when  the  tanks  are 
extended.  The  floors  are  all  6  in.  in  thickness,  and  no  special  attempt 
was  made  to  make  them  water-tight,  as  it  was  thought  that  the 
joints  between  the  floor-blocks  would  rapidly  silt  up  and  become  tight. 

Blow-off. — From  the  east  end  of  the  collecting  and  distributing 
wall  a  3  ft.  4-in.  by  5-ft.  blow-off  conduit  extends  to  a  blow-off  gate- 
chamber  in  the  levee  on  the  east  side  of  the  works,  from  which  two 
blow-offs  run  to  the  river,  the  larger  one,  4  ft.  in  diameter,  having  its 
outlet  at  the  edge  of  the  river.  The  smaller  one,  16  in.  in  diameter, 
extends  out  farther,  and  has  three  outlets  in  the  center  of  and  at  the 
bottom  of  the  river.  All  the  outlets  are  protected  by  flap -gates,  and  in 
the  gate-chamber  each  blow-off  is  fitted  with  a  sluice-gate.  The  4-f  t.  blow- 
off  was  provided  to  care  for  a  large  volume  of  sewage  which  might 
pass  over  the  overflow  weirs  in  the  collecting  and  distributing  wall, 
and  the  16-in.  blow-off  is  for  use  when  the  tanks  are  drained.  For 
the  present,  the  sludge  is  disposed  of  in  the  river  when  the  river  rises 
and  the  dilution  is  sufficiently  great,  but  the  city  has  acquired  a  large 
tract  of  land,  adjoining  the  works,  and  remote  from  buildings,  which 
can  be  used  for  sludge  disposal  should  this  be  found  desirable  or 
necessary  at  a  later  date. 

Gate-House. 

From  the  center  of  the  south  wall  of  the  septic  tanlcs  the  sewage 
flows  through  a  so-called  influent  conduit  to  the  gate-house.  This 
conduit,  5  ft.  6  in.  in  diameter,  of  reinforced  concrete,  is  located 
under  the  dividing  wall  between  Filters  Nos.  2  and  3.  The  flow  from 
the  septic  tanks  and  to  and  from  the  sprinkling  filters  is  controlled  at 
the  gate-house,  the  details  of  which  are  shown  on  Plate  XXVII. 

Substructure. — The  substructure  of  the  gate-house  is  of  concrete, 
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heavily  reinforced,  and  its  outside  diameter  is  38  ft.  Sewage  is  first 
admitted  from  the  influent  conduit  into  an  influent  well,  15  ft.  in  diam- 
eter and  25  ft.  3  in.  deep,  located  in  the  center  of  the  substructure. 
The  influent  well  encloses  two  controller  wells,  approximately  ellip- 
tical in  plan,  each  6  ft.  6  in.  wide  and  7  ft.  long,  through  which  the 
sewage  flows  out  into  an  annular  distributing  well,  3  ft.  in  width, 
enclosing  the  influent  well.  From  the  distributing  well  the  sewage 
passes  into  a  series  of  distributing  chambers  connecting  with  the  dis- 
tribution systems  in  the  filters.  These  distributing  chambers  are 
built  in  the  upper  portion  of  the  outer  annular  well  of  the  substruc- 
ture, the  lower  portion  being  termed  the  effluent  well,  into  which  the 
effluent  from  the  filters  flows. 

Each  controller  well  contains  a  specially  designed  controller,  ad- 
justable from  a  minimum  capacity  of  10  000  000  gal.  to  a  maximum 
capacity  of  22  600  000  gal.  per  24  hours,  and  operating  under  a  mini- 
mum loss  of  head  of  about  0.75  ft. 

These  controllers  were  installed  to  care  for  the  fluctuating  head  in 
the  septic  tanks,  but,  on  account  of  the  change  in  the  method  of  oper- 
ating these  tanks,  with  a  constant  level,  the  controllers  are  not  at 
present  in  use.  A  description  of  them  and  their  action,  however,  may 
be  of  interest. 

The  controller  consists  of  a  flaring  tube  in  which  a  pressure  disk, 
attached  to  a  vertical  stem,  moves  up  and  down.  The  rate  of  flow 
through  the  controller,  therefore,  is  dependent  on  the  annular  area 
between  the  pressure  disk  and  the  flaring  tube,  and  on  the  difference 
in  head  between  the  two  sides  of  the  disk.  The  upper  end  of  the  ver- 
tical stem  is  shouldered,  and  picks  up  successively,  as  it  rises,  a  series 
of  weights  until  the  difference  in  head  on  the  pressure  disk  is  bal- 
anced. With  a  given  position  of  the  vertical  stem  relative  to  the  nest 
of  weights  above,  the  controller  maintains  automatically  a  practically 
constant  rate  of  flow,  the  pressure  disk  and  stem  rising  as  the  level  in 
the  septic  tanks  rises,  and  falling  as  the  level  in  the  tanks  falls.  The 
rate  of  flow  through  the  controller  is  varied  by  adjusting  the  position 
of  the  stem  relative  to  the  nest  of  weights. 

With  the  quantity  of  sewage  at  present  treated,  only  one  controller 
ordinarily  would  be  in  service,  it  being  set  to  discharge  in  24  hours, 
as  nearly  as  possible,  the  estimated  quantity  which  would  be  pumped 
into  the  septic  tanks  during  the  24  hours,  but,  in  case  the  controller 
should  be  set  too  low  and  the  septic  tanks  should  fill  up  to  the  high- 


298       IMPROVED   WATER   AND   SEWAGE   WORKS,    COLUMBUS,   OHIO 

water  line,  and  the  rate  of  flow  into  the  tanks  should  then  continue  in 
excess  of  the  quantity  discharged  by  the  controller,  this  excess  would 
pass  over  an  overflow  on  the  influent  well  into  the  distributing  well 
and  out  to  the  sprinkling  filters,  by  building  up  a  greater  head  on  the 
distribution  systems.  This  overflow  is  set  at  a  lower  elevation  than 
the  overflows  in  the  septic  tanks,  and  would  come  into  play  before 
sewage  would  pass  over  the  overflows  in  the  tanks  and  out  to  the 
river. 

In  case  of  long-continued  and  excessively  cold  weather,  provision 
has  been  made  to  operate  the  sprinkling  fllters  as  contact  filters,  if  so 
desired.  Under  such  conditions,  the  distribution  systems  would  be 
shut  off  and  drained,  and  the  filters  would  be  filled  from  below  through 
by-pass  gates  and  pipes  leading  from  the  distributing  well,  as  may  be 
seen  by  referring  to  Plate  XXVII.  The  main  effluent  gate  of  each  filter, 
of  course,  would  be  closed  while  the  filter  was  filling,  and  opened 
slowly  during  the  period  of  draining.  It  is  also  possible  to  by-pass 
the  filters  entirely  by  shutting  the  outlet  gates  from  the  distributing 
well  and  opening  the  gates  connecting  the  distributing  well  directly 
with  the  effluent  well. 

Superstructure. — The  superstructure  of  the  gate-house  is  also  cir- 
cular in  plan,  and  is  two  stories  in  height.  In  the  lower  story  are 
located  the  various  stands  for  operating  the  sluice-gates  and  controllers, 
a  chart  recorder  for  showing  the  level  in  the  septic  tanks,  an  indicator 
for  showing  the  head  on  the  sprinkling  nozzles  in  the  filters,  and  a 
secondary  indicator  and  chart  recorder  for  giving  the  rate  of  flow 
through  the  48-in.  Venturi  meter  at  the  main  sewage  pumping  station 
and  thus  through  the  force  main  into  the  septic  tanks.  The  second 
story  is  divided  into  an  office,  chemical  and  bacteriological  labora- 
tories, a  locker-room,  and  a  lavatory  containing  a  shower  bath  and 
sanitary  conveniences.  The  character  of  the  construction  of  the  su- 
perstructure is  similar  to  that  of  the  superstructure  of  the  main  build- 
ing at  the  water  purification  works,  previously  described. 

Sprinkling  Filters. 

There  are  four  sprinkling  filters,  radiating  from  the  gate-house, 
each  being  an  equilateral  triangle  in  plan,  505  ft.  1^  in.  on  a  side. 
With  the  construction  of  two  additional  filters,  space  for  which  has 
been  reserved,  they  will  form  a  hexagon  with  the  gate-house  at  the 
center.     Each  filter  has  a  net  area  of  2|  acres,  making  a  total  of  10 
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acres  for  all  four,  but,  as  the  distribution  system  in  each  filter  has 
been  designed  so  that  one-half  of  the  filter  can  be  operated  inde- 
pendently of  the  other  half,  the  present  installation,  from  the  stand- 
point of  operation,  may  be  considered  as  consisting  of  eight  filters 
of  11  acres  each. 

The  filters  are  designed  to  yield  normally  2  000  000  gal.  per  acre 
per  24  hours,  resting  one-half  of  the  time,  requiring  therefore  a  rate 
of  4  000  000  gal.  per  acre  per  24  hours  when  in  service.  It  is  possible, 
however,  to  operate  them  at  somewhat  higher  rates.  The  details  of  the 
filters  are  shown  on  Plates  XXVIII  and  XXIX. 

Walls. — The  outside  and  dividing  walls  are  of  concrete,  and  were 
designed  simply  as  light  retaining  walls  and  not  to  resist  water  pres- 
sure on  one  side  with  no  filtering  material  on  the  other.  To  provide 
access  to  the  gate-house,  so  that  it  can  be  reached  when  the  two  addi- 
tional filters  are  constructed,  without  having  to  walk  across  the  surface 
of  the  filters,  an  elevated  reinforced  concrete  walk  has  been  built  above 
and  is  supported  on  the  dividing  wall  between  Filters  Nos.  2  and  3. 

Distribution  System. — In  order  to  provide  protection  from  the 
frost,  the  distribution  system  is  built  below  the  surface  of  the  filters, 
and  consists  of  main  distributors,  lateral  distributors,  vertical  risers, 
and  spr'  Ming  nozzles.  The  main  distributors^  of  which  there  are 
two  in  each  filter,  are  of  reinforced  concrete,  2  ft.  6  in.  in  diameter, 
and  radiate  from  the  gate-house.  Connecting  with  the  main  distrib- 
utors are  the  lateral  distributors,  which  consist  of  lines  of  5-in.  and 
6-in.  vitrified  sewer  pipe  supported  by  and  bedded  in  the  upper  part 
of  small  concrete  walls.  From  outlets  in  the  top  of  the  main  distrib- 
utor, and  from  sewer  pipe  branches  set  vertically  in  the  lateral  dis- 
tributors, 3-in.  cast-iron  risers  extend  to  the  surface  of  the  filters, 
the  sprinkling  nozzles  being  screwed  into  the  upper  ends  of  the  risers. 
The  joint  at  the  base  of  each  riser  is  made  with  lead  caulked  into  the 
vitrified  pipe  socket.  The  distribution  system  in  each  filter  is  de- 
signed so  that  when  shut  off  it  can  be  drained  out  back  to  the  gate- 
house. 

The  sprinkling  nozzles  are  15  ft.  4  in.  from  center  to  center,  the 
arrangement  being  such  that  the  straight  lines  connecting  three  ad- 
jacent nozzles  form  the  sides  of  an  equilateral  triangle.  The  nozzle, 
Fig.  17,  is  of  brass,  and  consists  of  a  single  orifice,  ^  in.  in  diameter, 
with  rounded  edges,  above  which,  held  by  two  thin  arms,  there  is  an 
inverted  90°  cone,  the  axis  of  the  cone  coinciding  with  the  axis  of  the 
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orifice.  The  jet,  on  leaving  the  orifice,  impinges  against  the  cone  and 
is  transformed  into  a  thin  sheet,  spreading  out  radially  and  breaking 
into  a  shower  of  fine  drops.  At  the  points  where  the  sheet  strikes 
the  arms,  the  latter  are  ground  down  to  sharp  edges  on  each  side  in 
order  to  permit  the  sheet  to  heal  up  after  passing  them.  When  the 
filters  are  operating  at  a  rate  of  4  000  000  gal.  per  acre  per  24  hours, 
each  nozzle  will  discharge  approximately  13.1  gal.  per  min.  under  a 
head  of  5  ft.  available  at  the  nozzle.  There  are  2  108  nozzles  in  the 
10  acres  of  filter  surface,  about  211  nozzles  per  acre,  the  area  tribu- 
tary to  each  nozzle  being  206.6  sq.  ft. 
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Fig.  17. 
The  experimental  investigation  at  the  testing  station  demonstrated 
that  satisfactory  results  could  be  obtained  when  operating  nozzles 
under  a  constant  head,  and  the  works  were  designed  with  this  in  view, 
but  it  has  since  been  found  that  better  results  are  obtained  if  the  head 
is  allowed  to  fluctuate,  and  the  filters  are  now  operated  in  that 
manner,  the  head  on  the  nozzles  being  varied  from  hour  to  hour  by 
hand,  by  throttling  the  sluice-gates  in  the  gate-chamber.  Modifica- 
tions in  the  gate-house  are  being  contemplated  whereby  the  head  will 
be  made  to  fluctuate  automatically. 
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Filtering  Material. — The  filtering  material  consists  of  broken  stone 
having  a  total  average  depth  of  about  5  ft.  4  in.,  the  lower  10  in.  being 
from  3  to  4  in.  in  size.  In  Filters  Nos.  1  and  2  the  material  above 
the  lower  course  has  a  nominal  size  of  from  IJ  to  3  in.  The  material 
was  sampled  carefully  from  time  to  time,  and  mechanical  analyses  were 
made  from  which  it  was  found  that  the  effective  size  was  1.4  in.  and 
the  uniformity  coefficient  1.4,  and  that  the  average  size  of  the  stone 
was  1.7  in.,  that  being  the  diameter  of  a  sphere  of  equal  volume.  In 
Filters  Nos.  3  and  4  the  material  has  a  nominal  size  of  from  1  to  3  in., 
an  effective  size  of  1.1  in.,  a  uniformity  coefficient  of  1.6  in.  and  an 
average  size  of  1.5  in.  The  material  is  all  limestone,  obtained  partly 
from  quarries  near  Columbus  and  partly  from  Marion,  Ohio,  and  was 
screened  at  the  quarries  to  remove  the  dust  and  fine  particles  and  to 
obtain  material  of  the  right  size. 

Collection  System. — For  removing  the  effluent  from  the  filters,  a 
very  free-draining  bottom  has  been  provided,  consisting  of  lateral  col- 
lectors discharging  directly  into  main  collectors.  The  lateral  col- 
lectors are  6-in.  vitrified  channel  pipe,  with  the  sockets  left  off,  notched 
on  both  edges,  and  laid  in  parallel  lines,  a  space  of  |  in.  being  left  be- 
tween each  two  pipes  longitudinally.  The  floors  of  the  filters,  which 
slope  to  the  main  collectors,  are  of  concrete,  4  in.  thick,  the  edges  of 
the  lateral  collectors  being  bedded  on  the  floor  before  the  concrete  had 
obtained  its  initial  set. 

The  main  collectors,  which  are  of  concrete,  below  the  level  of  the 
floor  of  the  filters,  have  a  semicircular  invert  with  vertical  sides  above 
and  gradually  increase  in  section  toward  the  gate-house.  The  flow 
line  is  below  the  level  of  the  filter  floor,  so  that  the  ends  of  the  lateral 
collectors  will  not  be  submerged.  The  main  collectors  in  each  filter 
discharge  into  a  common  sump  and  thence  into  the  effluent  well  in 
the  gate-house,  the  flow  line  in  the  sump  being  below  the  level  of  the 
invert  of  the  lower  end  of  the  main  collectors,  so  that  when  a  main 
collector  is  not  in  use  it  will  drain  out  completely.  Manholes  furnish 
access  to  the  main  collectors,  for  inspection. 

Settling  Basins  and  Outfall. 

From  the  substructure  of  the  gate-house  the  effluent  from  the 
sprinkling  filters  flows  through  a  so-called  effluent  conduit,  to  an  inlet 
gate-chamber,  then  through  the  gate-chamber  and  through  two  inlet 
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conduits  to  the  settling  basins.  The  effluent  conduit  is  of  reinforced 
concrete,  is  5  ft.  6  in.  in  diameter,  and  is  located  under  the  dividing 
wall  between  Filters  Nos.  3  and  4. 

Inlet  Gate-Chamher  and  Conduits. — The  inlet  gate-chamber  is  of 
concrete,  and  is  all  below  the  surface  of  the  ground;  that  part  in 
connection  with  the  effluent  conduit  is  heavily  reinforced.  The  flow 
from  the  effluent  conduit  is  controlled  by  two  5^-ft.  sluice-gates. 
The  inlet  conduits  are  also  5^  ft.  in  diameter,  and  are  of  concrete 
but  are  not  reinforced.  The  sewage  is  admitted  from  the  inlet 
conduit  into  each  settling  basin  through  fifteen  21-in.  vitrified  sewer 
pipe  inlets  terminating  in  a  low  wall. 

Settling  Basins. — The  effluent  from  the  sprinkling  filters  is  not 
perfectly  clear,  and,  to  remove  the  heavier  particles  in  suspension,  it 
is  at  times  allowed  to  flow  through  one  or  both  settling  basins  before 
passing  out  to  the  river.  Each  settling  basin  has  a  capacity  of 
2  000  000  gal.,  and,  with  one  basin  in  use,  and  when  handling  20  000  000 
gal.  of  sewage  per  24  hours,  the  average  period  of  flow  through  the 
basin  would  be  a  little  less  than  21  hours.  The  basins  are  from  4  to 
4^  ft.  deep,  the  water  line  being  at  Elevation  11.0,  about  5  ft.  above 
mean  low  water  in  the  river. 

The  basins  are  not  covered,  and  are  all  in  excavation.  As  originally 
built,  the  side  slopes  were  3  horizontal  to  1  vertical,  and  were  not 
paved  or  otherwise  protected,  except  that  above  the  water  line  the 
slope  was  grassed;  the  berm  at  the  foot  terminated  at  a  low  toe-wall, 
12  in.  high.  On  account  of  lack  of  funds,  when  the  works  were  de- 
signed, it  was  decided  to  omit  retaining  walls  around  the  sides  of  the 
basins,  but,  funds  having  become  available  since  the  works  were 
completed,  the  retaining  walls  were  built  during  the  summer  of  1909. 
The  floors  are  of  concrete,  4  in.  thick,  and  simply  provide  a  suitable 
surface  for  the  flushing  out  of  sludge.  No  attempt  has  been,  or  will 
be,  made  to  exclude  ground-water,  on  the  contrary,  weep-holes,  4  in. 
in  diameter  and  10  ft.  apart,  have  been  left  in  the  toe-wall,  so  as  to 
admit  ground-water  and  prevent  an  upward  water  pressure  on  the 
floor. 

The  effluent  from  each  settling  basin  flows  off  in  a  thin  sheet  over 
a  circular  outlet  weir,  19  ft.  in  diameter,  floating  matter  being  held 
back  by  an  easily  removable  sheet-steel  scum-board. 

The  details  of  the  settling  basins  are  shown  on  Plate  XXXI. 
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Outlet  Conduits  and  Outfall. — From  the  outlet  weirs  the  effluent 
from  the  settling  basins  flows  through  the  outlet  conduits  to  the  out- 
fall gate-chamber  and  thence  to  the  outfall  on  the  bank  of  the  river. 
The  outlet  conduits  are  51  ft.  in  diameter,  and  are  of  reinforced  con- 
crete. On  each  of  these  conduits  there  is  an  outlet  gate-chamber 
containing  a  S^-ft.  sluice-gate,  so  that  either  or  both  basins  may  be 
shut  off  when  desired.  At  the  outfall  a  5i-ft.  flap-gate  has  been  pro- 
vided, and,  in  the  outfall  gate-chamber,  there  is  a  sluice-gate  of  the 
same  size,  for  use  in  case  the  flap-gate  should  fail  to  seat  tightly  dur- 
ing high  water  in  the  river,  when  it  might  be  desired  to  shut  down 
the  works.  From  the  inlet  gate-chamber  the  effluent  conduit  is  ex- 
tended to  the  outfall  gate-chamber,  and  serves  as  a  by-pass  around 
the  settling  basins,  by  closing  the  gates  in  the  inlet  and  outlet  gate- 
chambers. 

Pump-House  and  Connections. 

For  the  present  the  sludge  accumulating  in  the  settling  basins  is 
disposed  of  by  discharging  it  into  the  river  when  the  river  rises  and 
the  dilution  is  great,  the  same  as  the  sludge  from  the  septic  tanks.  At 
such  times  the  settling  basins  will  not  drain  to  the  river,  but  must  be 
pumped  out,  and,  for  this  purpose,  a  small  suction  well  and  pump- 
house,  the  details  of  which  are  shown  on  Plate  XXXIII,  have  been  built 
at  the  east  end  of  the  embankment  dividing  the  two  settling  basins. 

Suction  Well. — The  suction  well,  located  just  outside  the  pump- 
house,  is  a  small  concrete  structure,  5  ft.  6  in.  in  diameter  and  15  ft. 
7  in.  deep,  and  into  this  the  sludge  drain  in  each  settling  basin  dis- 
charges through  a  21-in.  pipe.  From  the  well  two  12-in.  suction  pipes 
extend  into  the  substructure  of  the  pump-house. 

Pumping  Machinery. — The  pumping  machinery  consists  of  a  hori- 
zontal, Worthington,  volute  pump,  with  12-in.  suction  and  10-in.  dis- 
charge nozzles,  driven,  through  a  silent-running  high-speed  chain,  by 
a  50-b.h.p.,  vertical,  enclosed,  three-cylinder,  Nash,  gas  engine,  run- 
ning on  natural  gas  having  a  thermal  value  of  about  1  000  B.  t.  u.  per 
cu.  ft.  The  unit  has  a  capacity  of  3  000  gal.  per  min.  against  a  head 
of  14  ft.,  and  2  000  gal.  per  min.  against  a  head  of  26  ft.,  when  pump- 
ing a  mixture  weighing  75  lb.  per  cu.  ft.  For  the  present,  only  one 
pumping  unit  has  been  installed,  but  space  in  the  building  has  been 
provided  so  that  the  equipment  may  be  duplicated. 

Building. — The  superstructure  of  the  building  is  23  ft.  6  in.  square 
inside,  is  one  story  high,  and  is  of  the  same  character  of  construction 
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as  the  superstructure  of  the  gate-house.     The  substructure  is  of  con- 
crete. 

Sludge  Mains. — Outside  of  the  building  the  discharge  pipe  from 
the  pump  branches  into  two  sludge  mains,  one  16  in.  and  the  other  15 
in.  in  diameter.  The  16-in.  main  extends  out  into  the  river,  with 
outlets  below  the  surface,  being  a  duplicate  of  the  blow-off  used  for 
draining  sludge  from  the  septic  tanks.  The  15-in.  main  terminates  at 
present  at  the  site  of  the  garbage  reduction  works.  When  the  sewage 
purification  works  were  designed,  it  was  not  expected  that  the  garbage 
disposal  works  would  be  located  adjacent  to  the  sewage  purification 
works,  and  the  levee  was  built  in  a  position  other  than  that  shown  on 
Plate  XXIII,  with  the  15-in.  main  terminating  outside  of  the  levee. 
This  main  was  laid  so  that,  if  disposal  of  the  sludge  from  the  settling 
basin  on  land  was  found  desirable,  an  outlet  would  be  provided.  In 
the  fall  of  1908  a  portion  of  the  levee  in  the  southeast  corner  of  the 
works  was  moved  so  as  to  provide  a  site  for  the  reduction  works,  but 
the  sludge  main  will  not  be  extended  until  after  the  reduction  works 
are  built;  its  final  location  will  then  be  determined. 

Miscellaneous. 

Water  Main. — In  the  main  and  lateral  distributors  and  in  the 
main  collectors  of  the  filters,  in  order  to  keep  the  friction  losses  low, 
it  was  necessary  to  use  depositing  velocities.  To  provide  means  for 
flushing  these  out  in  case  of  deposition,  a  water  main  has  been  laid 
with  a  branch  connecting  directly  with  the  outer  end  of  each  main 
distributor  and  each  main  collector.  To  flush  out  the  lateral  distrib- 
utors, the  nozzle  in  the  riser  at  the  outer  end  of  each  distributor  would 
be  removed  and  a  hose  connection  made  with  one  of  the  hydrants 
placed  along  the  outside  walls  of  the  filters.  Hydrants  have  also  been 
placed  adjacent  to  the  septic  tanks  and  settling  basins,  so  that  an 
ample  supply  of  water  under  pressure  may  at  all  times  be  obtained 
for  flushing  purposes. 

Loss  of  Head. — The  total  loss  of  head  through  the  works,  from 
high-water  line  in  the  primary  septic  tanks  to  mean  low  water  in  the 
river,  is  25.34  ft.,  and,  without  giving  all  the  individual  losses  through 
gates,  conduits,  etc.,  may  be  summarized  as  given  in  Table  13.  It 
should  be  stated  that  the  losses  are  computed  on  the  basis  of  the  works 
handling  a  maximum  quantity  of  45  000  000  gal.  per  24  hours. 
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TABLE  15!— Loss  of  Head  Through  Works. 


Location. 

Elevation,  in 

feet  above 

city  datum. 

Loss 
of  head, 
in  feet. 

High-water  line,  primary  septic  tanks 

31.34 
•28.24 
25.15 
20.15 
13.77 
11.9(5 
11.00 
6.00 

Low-water  line  primary  septic  tanks     .   .   .          

3.10 

Hydraulic  grade  at  sprinkUng  nozzles 

3.09 

Surface  of  filter 

5.00 

Hydraulic  grade,  lower  end  of  main  collector 

6.. 38 

Hydraulic  grade,  effluent  well  in  gate-house 

1.81 

Water  line,  settling  basins 

0.96 

Mean  low  water  in  river 

5.00 

Total 

.... 

25.34 

Operation  During  Freshets. — With   a  5-ft.    rise   in   the  river,  the 
settling  basins  would  be"  shut  off,  but  the  filters  could  still  be  operated 
under  normal  conditions.     With  a  total  rise  of  7  ft.  in  the  river  the 
filters  would  cease  to  be  free-draining  at  the  bottom,  and  would  prob- 
ably be  shut  off.     It  would  be  possible,  however,  still  to  operate  the 
filters  with  a  greater  rise  than  7  ft.  in  the  river  by  allowing  them  to 
fill  up  with  sewage  sprayed  on  from  the  sprinkling  nozzles  until  the 
filters  were  full  up  to  the  surface.     Whether  or  not  this  method  of 
operation  would  be  satisfactory  can  only  be  determined  by  trial.     At 
the  best,  however,   operation   at   such   times  would  require  the  most 
careful  supervision,  as  the  river  may  easily  rise  at  the  rate  of  0.75 
ft.  per  hour,  and,  unless  the  filters  were  shut  off  at  the  proper  time, 
the  outside  walls   would  be   overflowed.     Again,   if,  for  any  reason, 
the  flap-gate  at  the  main  outfall  should  become  deranged  at  such  a 
time,  thc^  river,  which  is  highly  turbid  during  freshets,   might  back 
up  into  the  filters  and  deposit  a  large  amount  of  mud,  a  result  which 
would  be  simply  disastrous,  as  in  all  probability  the  stone  would  have 
to  be  removed  from  the  filters  and  washed,  and  the  filters  themselves 
would  have  to  be  cleaned  and  washed  out.     Assuming,  however,  that 
the  filters  are  shut  off  with  a  7-ft.  rise  in  the  river,  the  septic  tanks 
can  still  be  operated,  even  up  to  maximum  high  water  in  the  river, 
the  effluent  from  the  tanks  flowing  to  the  gate-house,  through  the  by- 
Tpass  between  the  influent  and  effluent  wells,  and  then  out  through  the 
.effluent  conduit  directly  to  the  river. 

Concrete. 
In  the  construction  of  the  sewage  purification  works,  concrete,  both 
plain  and  reinforced,  was  used  extensively.     The  relative  volumes  of 
.cement,  sand,  and  ballast  in  the  several  classes  of  work  were  as  follows : 
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1 ;  2 :  4. — Water-tables,  belt-courses,  window-sills,  lintels,  etc. ;  sub- 
structure of  gate-house   (except  foundation  floor),   and  walk 
over  influent  conduit  wall;  reinforced  floors,  columns,  stair- 
ways, and  steps. 
1 :  2^ :  SJ. — Sprinkling-  filters,   settling  basins,   collecting  and  dis- 
tributing, and  north  and  south  walls  of  septic  tanks;  conduits 
and  blow-offs,  foundations,  and  miscellaneous  small  structures. 
1:3:  7. — East   and  west  outside  walls,   baffle  walls,   and   dividing 
walls  of  septic  tanks  (except  collecting  and  distributing  wall). 
The  specifications  for  the  concrete  were  similar  to  those  for  the 
water  purification  works,  and  the  method  of  mixing  and  placing  the 
material  was  practically  the  same.     The  expansion  joints,  which  were 
built  where  necessary,  consisted,  however,  only  of  a  tongue  and  groove 
in   the   concrete,   no   steel   plates   being  used.      The   tongues    and  the 
grooves  were   well   reinforced,   both   vertically   and   horizontally,   with 

twisted  steel  rods. 

Cost  of  Work. 

In  Table  14  the  cost  of  the  work  in  detail  is  given,  and  in  Table 
15  is  given  the  unit  cost  of  the  main  features  of  the  work.  As  was  the 
case  with  the  cost  of  the  water-works  improvements,  and  for  the  same 
reason,  no  attempt  has  been  made  to  distribute  the  cost  of  engineering 
over  the  several  parts  of  the  work. 

Contractors  and  Progress  of  Work. 

The  first  bond  issue  was  authorized  in  November,  1903,  and  the 
preparation  of  the  first  drawings  and  specificati;ins  began  early  in  1904. 
The  first  work  placed  under  contrac*^  -  -as  ^n.  testing  station,  in  Mij, 
1904.  Additional  contracts  were  let  during  1904  and  1005,  and  in 
November,  1905,  the  purification  works  were  placed  under  contract. 
The  work  was  all  practically  completed  by  the  fall  of  1908,  although 
the  last  contract,  for  the  concrete  walls  around  the  settling  basins,  at 
the  purification  works,  was  not  let  until  April,  1909.  Sewage  was  first 
pumped  regularly  to  the  purification  works  on  November  28th,  1908. 

The  principal  contracts  for  the  work  were: 

Levees  and  railroad  spur The  T.   A.   Gillespie   Company  and 

D.  E.  Sullivan  and  Son. 

Bridge Cooke  and  Grant,  and  Houston  and 

Cleveland. 
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Sewers   Westwater    and    Casey,    and    C.    T. 

McCracken  and  Company. 
Sewage  force  mains Westwater    and     Casey,     and     The 

York  Construction  Company. 
Pumping  stations Westwater   and    Casey,   and   D.   W. 

McGrath. 
Pumping    machinery Woollen  and  Callon,  and  Columbus 

Machine  Company. 
Sewage  screens  and  sluice-gates.  .Coffin  Valve  Company. 
Sewage  purification  works Sullivan,    Murphy    and    Miles,    and 

D.  E.  Sullivan  and  Son. 

Operation. 

The  daily  records  of  the  results  of  operation  of  the  sewage  purifica- 
tion works  for  the  eight  months,  January  to  August,  1909,  inclusive, 
are  presented  in  Table  16.  As  it  is  through  the  courtesy  of  the  Engi- 
neer and  Chief  Chemist  of  the  works  that  the  writer  is  enabled  to 
present  these  results,  he  will  not  enter  into  a  detailed  discussion  of 
them,  but  hopes  that  such  a  discussion  will  be  presented  by  these 
officials. 

In  order  that  the  efficiency  of  the  works  may  be  judged,  there  is 
presented  in  Table  17  the  final  averages  of  the  results  obtained  in  the 
experimental  investigation  with  Test  Eilter  C,  this  filter  having  given 
the  best  results  of  those  experimented  with  at  the  testing  station. 

From  an  examination  of  the  data  in  these  two  tables  it  will  be  noted 
that  during  the  earlier  part  of  the  period  of  operation  the  results 
secured  at  the  purification  works  were  much  below  normal,  due  largely, 
among  other  factors,  to  the  unusually  strong  sewage,  and  especially  to 
the  fact  that  the  filters  were  started  at  the  most  unfavorable  time  of  the 
year,  that  is,  just  at  the  beginning  of  cold  weather,  and  therefore  had 
been  afforded  no  opportunity  to  ripen. 

With  the  advent  of  warmer  weather,  liowever,  a  steady  improvement 
in  the  character  of  the  results  began,  and  from  an  examination  of  the 
later  results  secured  at  the  works  it  will  be  seen  that  they  compare 
very  favorably  with  the  results  obtained  with  Test  Filter  C,  thus 
demonstrating  that  the  works  serve,  in  a  satisfactory  manner,  the  pur- 
pose for  which  they  were  designed.  The  writer  has  but  one  comment 
to  add,  and  that  is,  from  such  information  as  he  can  secure,  it  would 
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TABLE    14. — Cost    of    Sewage   Improvements. 


East  Side  Sewage  Pumping   Station  and  Force 
Main. 
Land                                                                 2  acres 

i$3  500 

Roads,  Walks,  Grading,  and  Diainage  of 
Grounds. 
Roads,  walks  and  erradiog  . 

,f  1  810 
160 

Drainage  of  grounds  

1970 

Sewer,  Gas,  Water,  and  Electric  Connections. 
Sewer  connections 

1  260 

170 

SO 

120 

Gas  supply  connection 

Water  supply  connection 

Electric  connections 

1  630 

$6  330 
5  480 

Pumping  Station. 
Building. 

Substructure 

Superstructure 25  700  cu.  ft. 

11810 

Machinery  and  Ec^uipment. 

Screening  ecjuipment 

540 

9  480 

1  050 

1950 

40 

Centrifugal  pumps  and  gas  engines 2 

Piping  and  appurtenances  for  engines. . 
Suction  and  discharge  piping 

Miscellaneous  equipment      

13  060 

24  870 

20-in.  Sewage  Force  Main. 

20-in.  Venturi  meter          

1  530 

37  030 

1930 

920 

20-in.  force  main 8  120  lin.  ft. 

Manholes 

20-in.    blow-off  and   manhole    at   pumping 
station 

41410 

$73  380 

Levees  and  Railroad  Spur  to  Main  Sewage  Pump- 
ing Station  and  Sewage  Purification  Works. 
Land 65  acres. 

15  580 

Levees 9  780  lin.  ft. 

From  Hocking  Valley   Railway 
to  bridge 1  270  lin.  ft. 

8  880 
10  830 
12  590 

From  bridge  to  pumping  station 
lot - 1  800  lin.  ft. 

On  river  side  of  pumping  station 
lot 860  lin.  ft. 

From   pumping   station    lot   to 

purification  works 5  850  lin.  ft. 

Levee  

23  880 
4  380 

Culverts 458  lin.  ft. 

28  260 

60  560 

Bridge. 

Substructure. 

Earthwork 

1740 

2  250 

10  490 

Timber  piling 

Concrete  piers  and  abutments 

14  480 

Superstructure. 

Steelwork 785  200  lb. 

42  070 
930 

Timber  bridge  floor 460  lin.  ft. 

43  000 

57  480 

Railroad  Track 9  760  lin   ft 

2  990 
430 

3  860 
1300 

11810 

From  Hocking  Valley  Railway 
to  bridge 1  250  lin.  ft. 

On  bridge 460  lin.  ft. 

From  bridge   to    pumping   sta- 
tion   1  830  lin.  ft. 

At  riverside  of  pumping  station.    620  lin.  ft. 

From  pumping  station  to  purifi- 
cation works 5  600  lin.  ft. 

20  390 

154  010 

Carried  forward 

$227  390 
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TABLE  U.— (Continued.) 


Brought  forward 

$227  390 

Additional  Levee  Construction. 

Land 26  acres 

$8  760 

10  260 

820 

Levee  north  of  bridge 2  450  liu.  ft. 

Levee  south  of  purification  worlds 

19  840 

Gravel  Road  from  Main  Sewage  Pumping  Station 
TO  Sewage  Purification  Works 

1  620 

Reconstruction  op  Sewers  in  West  Side  District. 

16  090 

Enlarging  and  Regrading  Renick  Run  Ditch, 

4  020  lin.  ft. 

7  080 

Water  and  Gas  Main  Extensions. 
10-in.  Water  Main. 

From  High  Street  to  pumping  station, 

4  550  lin.  ft. 

,■$8  080 
8  870 

works 6  400  lin.  ft. 

16  950 
1740 

2-in.  high-pressure  gas  main  from  Stimmel  Road 
to  purification  works 8  760  lin.  ft. 

18  090 

Sewer    Extensions    to    Main    Sewage    Pumping 
Station  Lot. 
48-in.  Intercepting  Sewer. 

Land 1  acre 

140 

1  570 

10  370 

Relief  outlet 

Extension  of  48-in.  sewer 540  lin.  ft. 

12  080 

West  Side  Sewers. 

Land 2  acres 

1  500 
115  490 

West  Side  sanitary  and  Renick  Run  storm- 
water  sewers 

116  990 

129  070 

Work  at  Main  Sewage  Pumping  Station  Lot. 
Levee  around  lot 1  230  lin.  ft. 

7  870 

Roads,    Walks,    Grading,    and     Drainage     of 
Grounds. 
Roads,  walks,  and  grading 

2  350 
950 

Drainage  of  grounds 

3  300 

1230 

180 

40  480 

Railroad  siding  north  and  south  of  coal  pocket, 

560  lin.  ft. 

Connection  to  watei-  main 

Sewers,  connections  and  outlets  to  river 

Force  Main  Connections. 

To  48-in.  sewage  force  main 

1  150 
1390 

To  48-in.  storm-water  force  main 

2  540 
2  960 

48-in.  storm-water  force  main  to  river,  270  lin.  ft. 

58  560 

Main  Sewage  Pumping  Station. 

Building 358  800  cu  ft 

25  710 
29  010 

Superstructure 248  600  cu.  ft. 

54  720 

Chimney. 

Substructure 13  ft.  deep 

1  400 
3  300 

Supei-structure 5  ft.  diam.,  130  ft.  high 

4  700 

Machinery  and  Equipment. 

Screening  equipment  and  press 

17  970 
12  670 

6  030 

2  640 

7  980 
1  010 

8  610 
11  440 

770 

3  300 

Engine-driven    centrifugal    pumps,     large 
units 3 

Engine-driven    centrifugal     pumps,    small 
units 2 

Electric  generating  units  and  switch-board .  2 
Boilers  and  accessories 450-h.p. 

Steel  boiler  flue. .       ..                   

Steam  appurtenances  and  piping 

Hand  traveling  crane 

72  420 

131840 

Carried  forward 

$610  180 
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TABLE   U.— (Continued.) 


Brought  forward 

PIO  180 

48-in.  Sewage  Force  Main. 

48-in.  Venturi  meter  and  vault 

^450 

76  280 

320 

48-in.  force  main 6  370  lin.  ft. 

16-iu.  blow-off 

81050 

Pole  Line  fkom  Pumping  Station  to  Purification 
Works 

1  100 

Land  for  Sewage  Purification  Works.  .262  acres 

49  500 

Sewage  Purification  Works. 

Levee  (earthwork  in  excess  of  that  obtained 
from  excavations  for  structures) .  .5  100  lin.  ft. 

10  330 

2  500 

3  590 
2  700 

490 
6  020 

Railroad  spurs  on  levees 1  330  lin.  ft. 

Roads,  walks,  grading,  and  drainage  of  grounds 
3-ft.  culvert  at  north  end  of  works 310  lin.  ft. 

Gas  mains  and  connections 

10-in.  water  main  and  connections 

Septic  Tanks 8  020  000  gal. 

Earthwork .     . .          

%S  640 

46  740 

1330 

12  530 

410 

1  090 

990 

Concrete  and  brick  masonry      

Steel  reinforcement.          

Sluice-gates 

Iron  and  steelwork 

Railings 

Scum-boards 

66  730 

Blow-off  from  Septic  Tanks. 

3  ft.  4-in.  by  5  ft.,  from  septic  tanks  to  blow- 
off  gate-chamber 210  lin.  ft. 

1  830 
1250 

370 
1830 

1  430 

4- ft.,  froiu  blow-off  gate-chamber  to  main 
outlet 60  lin.  ft. 

Main  outlet 

16-in.     sludge    drain     and    river    outlets, 

240  lin.  ft. 

6  710 
1  620 
5  890 

Walk  on  influent  conduit  wall 490  lin.  ft. 

5  ft.  6-in.  influent  conduit  from  septic  tanks  to 
gate- house 570  lin.  ft. 

Gate-house 61  500  cu.  ft. 

$390 
7  940 

900 
70 

710 
9  650 

3  770 

Substructure 31  700  eu.  ft. 

Earthwork 

Concrete 

Steel  reinforcement 

Vitrified  sewer  pipe 

Iron  and  steelwork 

Sluice-gates 

Controlling,   indicating,  and  recording 
devices 

23  430 

7  620 

Superstructure 29  800  cu.  ft. 

Furniture  and  Equipment. 

Furniture  and  fittings 

240 
1620 

Laboratory  equipinent 

1860 

32  910 
$139  490 

Carried  forward 

$741  830 
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TABLE   U.— (Continued.) 


Brought  forward 

$139  490 

$741  830 

Sewage  Purificjation  Works  (Continued). 

Sprinkling  Filters 10  acres 

Earthwork      .   .               

S13  930 

26  200 

34  000 

1 1  700 

1  070 

Floors  and  main  collectors 

Free  draining  bottom 

Walls 4  440  lin.  ft. 

Manholes 44 

Distribution  System. 

30-in.  main  distributors 3  430  lin.  ft. 

$7  480 
8  390 
4  970 
6  860 

5-in.  lateral  distributors. .  .18  190  lin.  ft. 

6-in.  lateral  distributors. .  10  060  lin.  ft. 

Risers  and  nozzles 2  108 

27  700 
125  800 

240  400 

Filtering  material 80  120  cu.  yd. 

5  ft.  6-in.  Effluent  Conduit. 

From  gate-house    to   inlet   gate- 
chamber 480  lin.  ft. 

6  000 

3  4.']0 
1940 

650 
2  360 

From  inlet  gate-chamber  to  out- 
fall gate-chamber 300  lin.  ft. 

Outfall  gate-chamber 

From  outfall  gate-chamber  to  out 

Outfall 

14  380 

Inlets  to  Settling  Basins. 

Inlet  gate-chamber 

2  340 

5  530 

440 

5  ft.  6-in.  inlet  conduits. . .    540  lin.  ft. 

8  310 

25  620 

12  160 

140 

Earthwork 

Concrete 

Iron  and  steelwork 

37  920 

Outlets  from  Settling  Basins. 

5  ft.  6-in.  outlet  conduits  to  outlet 
gate-chambers 50  lin.  ft. 

720 
2  140 

2  520 
340 

Outlet  gate-chambers 

5  ft.  6-in.  outlet  conduits,  from  out- 
let gate-chambers  to  outfall  gate- 
chamber 180  lin.  ft. 

21-in.  pipe  drains  to  suction  well.  .150  lin.  ft. 

5  720 
220 

Suction  Well 

Pump  House. 

Building 18  940  cu  ft 

1020 
1  990 

Substructure 4  040  cu.  ft. 

Superstructure 9  900  cu.  ft. 

3  010 

3  610 

820 

Machinery 

Suction  and  discharge  piping 

7  440 

Sludge  Force  Mains. 

16-in.  main  to  river,  including  out- 
lets   220  lin .  ft. 

1  250 
360 

15-in.  main  to  south  end  of  works. 520  lin.  ft. 

1610 
860 

Expenses  Unclassified 

456  350 

Total  Cost,  Exclusive  of  Engineering. 

$1 19S  180 

Pay-roll 

90  820 

6  450 

10  280 

Expenses 

107  550 

Total  Cost 

$1 305  730 

Experimental  Investigation 

45  290 

Total   Cost,    Including   Experi- 
mental Investigation 

$1  351  020 
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Day  of  Month. 
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•  Oi -i  00  QC  I-' -vi  K-- en  .^  O:  *ti>- tti- OS  Oa -vf  *>.  05  O  CR  00  hf^  rf».  CJi  i-i  CO  i-i- <j  05 


Settling  basin 
effluent. 


Screened 
sewage. 


Septic 
effluent. 


Settling  basin 
effluent. 


"a 

CD 


O 

P  CD 
CC  p 


^^^^-l^l^k^i.en^fi.co^ocoenenoi0^os^05^0l-'Cno5  0s^oco^oco^Ji.^(i. 
to  en  io  i-t  o  'm  'c5  h)^  k)  os  ~  j  co  o  -?  io  to  Vs  co  o  co  o  b:  Vo  io  k-^  tC'  bo 


Dissolved 
oxygen. 


'^^'t'.    hj»T3'T3hj^»T3i-d^TJ'T3^^'-d'Tj!2!!^!2!.oHd'-d-^!2!-"'D'Td-->-!z: 


Putrescibility 

(odor) 
incubated  24 
hrs.  (a),  87°  C. 


ooooocoooooooocoooooooooooooooo 


ooi-^Ok-'t-'Oi-'i-i.h-iooooooooooooooc:  oooooo 

rfi.  <j  .^i  to  CO  CO  CO  en  CO  oi  >£»  en  b; 


Nitrites. 


Nitrates. 


i-i  to  en  10  M- 


^0O^-'OO 


tooooo 


h-^i-ii-iOO 


COiOM->-tCOtOtO*i.enH-COiOtOi 


Screened 
sewage. 


OOOOi-'Oi-'Oi-'i-'Oi-'Ot-'i-'Oi-iO 


000000i-i*-'i-'00>-'i-'t-'t-^000 


Septic 
effluent. 

TilteF 
effluent. 


PPFP:   PPPrPPl^'l^rP^Pr  \  Settling  basin 

effluent. 


g 
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Day  of  Month. 


<£i^^050ll-'tfi.mcD*>.J;OOK)OOOOOMa005QOQDC«Oi-i.OiOi4i-OC)S 


Maximum. 


C;i-'iO<a3aiiCl':C>tOOSQD«5-;fO--?^7i-'«50i-'OSC»04i.i-irfxo^O 
OXiODO>-'01><i-4i.CH50!'£>CDQOCD^-K>>ti>.iO'--'05tHi01005i*COO;iO 

o^o^otoo^ooocoooooo^ooooooooo 

O  I^  O  '^  'i-i  O  O  ^  O  Vo  O  O  to  'rf^  en  O  or  O  ^  *i4i.  O  O  O  CO  o  o  o  o 
— ■■       O       if^OtO       0>-^00tt^t005'^»*^0       000001-^0000 

wa  L_l  K-t  1—  J^  ta  |_l  |_t  H-l  t-l  I— 1-  l-k  l-l  1-1.  F-l  h- 1  J^  to  I-"  ►-'  "-^  I— '  I— I  h-1-  l-J.  1-1 

ifflOooQocn— '0«oi«ac'Ocoo-iaDoic»tsoi-'<*4^U)icio>-'00 

^i(XCrirf^?DC)uio«5C30QDC:^*..bo<fb«-?CiOrf^>;^i-'l*^tOOa<»0 

»-l  !-•  H-i  l-i  •       l-l  l-l  l-i  1-1  l-l  H-i  1-1  — '  1-1  1-1  h-i  k-1  h-l 

OOOO-     1-1  O  to  ►£»■  m  ?0  CD  1-1  CO  OS  1^  OS  <}  00  o 

(—11—1  .  h-l|— Ih- »h- IJCMJi— IM-II— 11— tk-ti— 11— 11— > 

OitDODCC-     or  00  05  CO  iC  O  1-1  •<?  >c^  tC  CO  to  h-i  o  O 

•    •    •    •    •    •    •    •    Vo  o  bo  1-1  •    Vo  'k?  UT  '•<»  05  o  'i*^  'i*^  1-1  to  '•<{  JO  o  "oi  to 

^^ to^ 

cjiv^ottt^'    *..cn4i.cocoa:ot*i.cococoo5coioto 

o'oo'*^"    bsootoi-itocscnococo^^oscn'-j 

C0C0C04-.-      •      CO  i£>- if^  0^  00  CO  CO  1^  CO  M^  CO  CO  4^  OS 

-j'oo-?— '•    •    -ii-i  Jo'oio'ooGc-j*-<fVo'c5 --itOOO 

woooi-    •    cnooio«uiC!»cn 

OS -J  ~5  o»  *!■  en -^  *..  CO  4^  *^  •    • 

•     •     "o  C  en  O  bj  'en  O  O  bi  O  tn  •     • 


Minimum. 


Sewage. 


OS 


Rainfall,  in  inches. 


Volume  pumped,  in  mil- 
lions of  gallons  per  day. 


Flow  in  septic  tanks, 
average  period,  in  hours. 


Volume  filtered,  in  mil- 
lions of  gallons  per  day. 


Filter  area  in  service 

during  application  of 

sewage,  in  acres. 


Average  rate  of  filtration 
during  application  of 
sewage,  in  millions  of 

gallons  per  acre  per  day. 


*OlO-3001-ii-'i-*iOiOi-itO*>.OiCO-Ji-itOi*>'HJi-iCHCOJ>OlO)-ii-i 


Flow  in  settling  basin, 
average  period,  in  hours. 


Screened 
sewage. 


Septic 
effluent. 


-^7~-7  0icncn-ooococn-<}-^cna'-<jcn      Settlmgbasin 

UilOCO-14i---jH^tOi-i4:^01':DOi-'0  efflueut 


a  a 


'H-iOT-^i-ii-iiOij^OTCnrf^oi-^-jOiCT-sjoo^coo-^joi-^i-j-^ 

i  XOOiOCOMi.*..^COCn^OOOOOl-iCOJs3COl-i<JOiO<{*'*>-4^ 


Screened 
sewage. 


.>_ii_ii-itocoH-ii-i*otocoif^i^coco4i.coos*».i4^iJ^co*i.OiC7icn*>.co  beptlC 

i4i>.coo50o--ioo»-}05'Xi*i.t05Dcoi*i.to^*>.05'<{OiGD"<itsH^toao5D  effluent 


i-itotototototoi-itototoioiototo     Settling  basm 
ooioi*^cni»^i^o5cc>oco~f-QcccA-io         effluent 


o 

20 


B 


Of? 


too- 


OCDOS-^OOCOOJODO:  -}• 

OS  CO  «» CO  >4^  *..  "o5 1-1  OS  io  • 


en  OS -Q  to 
to  to  CO  OS 


Dissolved 
oxygen. 


,^*ii 


SI^I^^Tj:   !z!:2!^tJ^i^§'Di2j^D'TJiTJ^h3!25^ 


Putrescibility 

(odor) 
incubated  24 
hrs.  (di  37°  C. 


OOOOOOOOOOOOOOO 


Nitrites. 


*-K)i-iO"-it0Oi-'OOOOOOO 


Nitrates. 


O  O  O  O  O  OOO  O  Oi-i  1-1  O  1-1  1-' O  i-i  O  O  1-1 1-1  1-1  O-      to  >-i  1-1  CO 


Screened 
sewage. 


OOOOOO OO OO OOO O O O OOO OOO O-  OOOO 


Septic 
effluent. 


OOO-  OOOOOOOOO'O-   OOOO 


Filter 
effluent. 


OOOOOOOO-      OO- 


Settling  basin 
effluent. 


W 
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Day  of  Month. 


I—' 


:i 

>■ 
O 


9 


Max. 


> 


Sewage. 


,00000000000000 


H 

H 

OS 

WIS  "B 

a  ^  ^ 

a  «  fe 
r  H  H 

05  fl 


^ooooooooo 


.•^  o  o  o  I-'  bi  o  o  o  o  o  o  o  o  o  r*  o  T^  0 1^  'co  o  "o  o  o  -^  <»  >—  wi 
oooopcnoooo^;^  ocoo      o      o     oo os o h-^ o o  jo tj^ or 


Rainfall,  in  inches. 


>*^>(^OOH^O>-n-^OI-i|-i)-iOOC_'^CDi-'' 

'vt'ox      '■ 


CO  i-i-  h-^  Ki  4i.  02 


Flow  in  septic  tanks, 
av.  period,  in  hours. 


«50DaitHO5-.JCT.  4^01 


Volume  filtered,  in 
mill,  of  gal.  per  day. 


t(x  CO  1^  >4^  4^  >^  4^  i4^  CO  >^  CO  CO  09  CO  t(^  >l^  4^  h(^  4^  K)  ^9  •  »;^  »f^  CO  CO  1^  4^  CO  CO  ts 


Filter  area  in  service 

during  application  of 

sewage,  in  acres. 


CO  CO  CO  CO  4^  if^  CO  4^  4^  CO  t;^  i{^  en  en  4^  4^  »P>- CO  4^  4^  CO  ■  tc  1^  4^  4^  4^  >^  4^  4^  co 


Av.  rate  of  filtration 
during  application 

of  sewage,  in  millions 

of  gallons  per  acre 

per  day. 


COCOiOtOtOJCtOtSiO' 

05  "t..  0  bi  •'I  •<?  ^f  '•<?  '05  ■ 


Flow  in  settling  bas- 
in, av.  period,  in  hrs. 


w 


iS  i-"  IC  >-' I— '  H-*  JO  CO  t-"  I— '  1-^  *C  CO  h-i  t-i  >-i  i->        i-i  H-' K)  H-i  CO  Ml  1-^  h-i  h-i        \-^ 
tOlOOS^05i-^05CHOiCOC»C»CO<!-Ji«K)01-7  0QDQD^C005H-tCO«5COQOCX) 
O0iOCXOOOO4-.rf».OC»4i.05OaD0sa0i0C*0505  0D05O0CK)t0OO4^ 


Screened 
sewage. 


Septic 
effluent. 


4i.4^CO^O*>.4^(X*«-4^COCOC^^iJ'4^4^4^^D^34^l*^4^•     -JCn4i-CUCnCn-^JO'C0 

J>OOCOQOK-cotB5COiOOcCiO?DOO(y;-^Oi-<JC5a5  05'     K)300>i.---?CDOS«30C 

COCO*OK)C04i-C»4i.4i.'     •     •     •     •     •     •     • 

1-^  en  ^  00  4^  H-i  Kf  4^  O? 11: 

C^CIT-^I^^^4i«.t(^OS-^O^4^*>■!35C354i■4^^f^4i.l-ll0l-'^0^04^4^^D4i».C0*^4i.^S^D 

co'sjM.o*^oi-i*>.050ooc;icococn!Ki-'CX)aDi-tC5p— oooo~30ocx)i-'i-ic!ic5 


Filter 
effluent. 


Settling  bas- 
in effluent. 


V 

CD 


Screened 
sewage. 


Septic 
effluent. 


i-i  i-i  i-i  h-i  h-t  h-i.  >-i  ^o  ta 

<JO5N)tO4^4i>'Q0i-'i-' ;     ;     •     •     ;     ;     ;     ;     ;     ;     ; 

-.7-JO«D00i:00DCB'<5<:C'O«DC0^OOOi— OOO-      «3000i-'i-'t-"-'0 
cob5i0  4^'o^Soio>-'05!>SCn0  4^Crii--'ODiOiO-Cf4^-     iOCnCOCJItStD-viCO-^} 


Filter 
effluent. 

Settling  bas- 
in effluent. 


!z!^!2!^^g»Tj^§^^^hJ^x3l^!^!^Z^i^::?:    hcjhc^!;^^^!?^!^!^ 


Dissolved 
oxygen. 


Putrescibility 

(odor) 
incubated  24 
hrs.  @  37°  C. 


OOOOOOOOOOOOOf-'i-^i-^OOOOO- 


I  O  O  t-^  Hi  1-i  i-i  O 


Nitrites. 


»-' K)  ta  to  to  CO  to  o  1-^  I-' 1-^ -^  o  t-i  CO  Oi  4^  en  en  05  ■<?  •    os  cs  *^  en  en  c^  05  oo  i-^ 

to  -—  "to  to  -1  b:  -."» < 

00  to  o  o  00  to  CO  > 


Nitrates. 


o 
o 


o 

h-b 


h-i  t-i  to  1-1.  to  o  o  to  h-i  to  h-i  to  >-t  i-i  I-*  i-i  H-i  o  o  •    o  ooh-i  i-i  0000  o  o 


Screened 
sewage. 


Ot-'OOOOOH-iOOi-"-*0000000000000000000 


OOOOOO-     i-kOOOOOOOOOO  o- 


000000000 


01 ooooooooo- 


Septic 
effluent. 

Filter" 
effluent. 

Settling  bas- 
in effluent. 


CO 
o 
CO 
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t? 

■0*0  Q 

a> 

tD 

r: 

1-15 

o. 

o 

3 

o 

p. 

CD 

•-3  5-?-^!z! 

tJ  <.2.S-'| 
2  1^  t^  S=  b> 

S-  £,  CD  o  P 

•   ma      "^ 

(ti         O         >-! 

i-^-Ct  73  ?3 
O  W  CD  3 

:2,'^  O  CD  P 

^CO    C    ^-    cc 

►1  2.0  tf  < 

S,CD  c+CD  m 
H-.  -i  "^       o 

CD  rt  "O  ►_-  w' 


«5 


P 
^►^  O  C 

O'  CD  O  S  2 
CD  £D  &C2  P 


!  tr  CD 


a  ■ 
trV 


^P.J^-CDCD 

clcd  s  a  i-i. 

P  r-l-O    l-n 

S"  P'  >-n 
P  (D^g? 

2  ^  w  o 

CD  K^.  r<- 

::?22  to 
.   g^  2.  io 

3  CD  CD 

^  p's'B' 

S-Qfq  CD  '^ 

P'h-    ^g 

2  o'^rf 

o  e-p'- 

P,CDCD 

CC   l-h  P   w. 
•T>  O  B  — 

qS  o  P- 

CD  w  '^w 
-    ..  cc  P 

.-Ell 


Day  of  Month. 


Oi   0DQ0<l-l-^KIU»m-5-3-5C»CO-^<!OiOl-QOlO»ht>-mt!tO5<{-^ 
Oi   CO  i-i  O  O  O  O  CK  05  iO  to  O  4^  1-' -V?  OS  CO  <l  tB  OS  to  H-i  O  *.■  Oi  00  *k 


Max. 


Min. 


en      oj05cnc;'03t!iOTc;Tc;'C;io»CJ'(ytcnoiOTO»cncnoicno»c;»0'0'a»c«cncnoTi         Qatirao-o 


I       1     p^^OOOOOOOOOO^OOOOOO^O^Oj-'OOOOO 

•     i  -rJ  1^  .'^  o  o  CO  o  b  b  '*..  k)  b  b  ^  b  b  b  >-'  b  b  ."^  b  ."^  b  b  b  b  b  b  b 

IC30             CrtO*>.OOOODO«050        OC'00500        *-        OOOO-^OIO 

Rainfall,  in  inches. 

h-l            l-J.  1-1   l-J  t_l  |_l  ^  |_1  l_l   _1  1-1.  h-  KA                                                       WJ.  h-t  l-J  h^  tJ.  1-1.  l-l                             l-«   UJ 

to      -J  ji.  oi  c;<  tfx  >*».  cfi  o  o»  err  oi  CO -^  ex  c»  00  ?D  to  o  o  I-' ^  CO  tn  t-' OS  en  00  O  »-' 

Volume  pumped, 

in  millions  of  gallons 

per  day. 

•-^        a5^Jh-iCft05iO*.tOMQDtOlOQOC;i05(Xi-^eD00005iOtOCJ»mt003h-i*.-3 

CO      OD«3co63h(i.4^oaorfi.h-^ooocn-^«5o»4i->ti..cDt-'coc5*..ma»»-^}Ooao 

K-j-  1   i-ik-ih-'—'i-'— ii-ii-'h-ii-ih-ti-'tototototoioi-'  —  '-'"1— '>-'»-'tocotoi— 't-t 

Oi        OtOtOtOtOCOtOtOtOHJlOtOtOtOtOi-'i— OO^0J-J«*^t001~I0;0i000J 

b  1   c«      en      en      en      en                  en  en  en              en  en      en      en 

Flow  in  septic  tanks, 
av.  period,  in  hours. 

co>t^o»en4i-coeno5(*^enotooo?o<»OD;otDci-'Oi 

CO  «D  2  •'i'  ^j  *'  '*>.  00  b  '-<f  to  Vo  -}  'to  rf^  CO  CO  b  b  "i-'  to 
tocoocKOCi-'Oieno5  4^05  0ococo*'CKito-5*^coeo 


i(^05cccoeococoeoco*.i*i.eoiotototototototoio 


kr^M^>(^>«>.osif^4^>;^cocoeococococoeococococoi«>. 


-305csosc35-3ascnasosco*^cncne;tenenen*».*.- 
b  *en  en  b  en  b  b  en  en  bob  en  to  V»  '-i  't-^  io  oo  4^  • 


QC  *>.  (35  cc  o  to 


Volume  filtered,  in 
mill,  of  gal.  per  day. 


to  to  to  to  to  cc 


Filter  area  in  service 
during  application 
of  sewage,  in  acres. 


rf^  to  to  CO  4^  CO 


Av.  rate  of  filtration 
during  application 

of  sewage,  in  millions 

of  gallons  per  acre 

per  day. 


OS  cx) -5  en  en  *>. 


Flow  in  settli 
in,  av.  period 


ng  bas- 
,  in  hrs. 


en  v-i  to  I-*  to  ►— to  *>.  i-i  rf^  05  to      >-^      i-i  i_n_i_itn»(^  y^toi-^ 

«5i-iOD«5ccto^tocDi-^ooenoo5CC»ocQccntoenH-tocooienoioen 

05030005tOtOODtOQD04^t00001<=>0500;0*^QO>*^030>*i.OO>*^iX>*^0 


Screened 
sewage. 


OS*>-i4^00DOit005Ci*>.OOOC5tO»*^(t».tOi0  0500D~JOt005C:*^0*»-0 


Septic 
eflQuent. 


tooooto-5oo5i-'^ooototoo»-cot-i. 


Filter 
effiuent. 


Settling  bas 
in  effluent. 


Screened 
sewage. 


Septic 
effluent. 


00  en  oi  OS  CO  o  CO  en  CO  en -J  ■»  o  *k  OS  *>•  •    tooo- 


*..cootooorf».*^coeni*^os-jcnc:»en--i-;f^oi-^i-' 
b  ffibVs  i-i  00  CD  en  to  to  en  CK  -J  co  boVj  oo  en  en  to  en 


^S^S^SS^'^SS^^^SS^^^^^ 


OOOOCOOOOOOOOOOOOO-ih-o 


ki-ii-Ljai-^i-'i-'Oi-'iototci-'totoi-itoeohti.Kj 


en  CO  00  OS  OS  ■<? 


Filter 
effluent. 


CO  CO  Oi  OS  OS  OS 


Settling  bas- 
in effluent. 


en  4i.  OS  OS  OS  OS 
'-}  b  b  to  b  b 


Dissolved 
oxygen. 


i^^^^gs! 


Putrescibility 

(odor) 
incubated  24 
hrs.  @  37°  C. 


oooo  oo 


Nitrites. 


tOOi-iOl-n-i 


Nitrates. 


i-'iOH-itotO'-'i-^i-'i-^cococooi-'Otoooooooooent-ioH-'i-'i-i 

-  ?o  I-'  to  o  toVj'os'i-i  en 

■OOS0005000t4i. 


i_ii_it-ii-iOOOOi-'>-^OOOi-^Oi-'OOOOOwOOOOO>-'00 


Screened 
sewage. 


Septic 
effluent. 


ooooooo^oooentooooooooo 


-' H-i  H-i  ►-  o  o  o  • 


►-00000000000- 


oooo 


Filter 
effluent. 

Settling  bas- 
in  effluent. 
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< 

CD 


ao->josw*>-cotc»*-'0coao-}a3  0i*i.coj>oi-' 


Day  of  Month. 


Maximum. 


Minimum. 


Sewage. 


H 

!>.  15  M 

w  3  5 
s  M  > 

.^  R)  H 

"    fB 
ft) 


9 


oooooooooooooooooo^oooooooooo^^ 

O  ox  O  O  O  ^  O  O  O  O  ->  Vo  O  O  O  O  to  O  r*  O  O  O  'vf  O  O  O  H-'  en  03  .■*  '^ 
O -lO  C  aoO-^  O  OO  — '  CD  OOO  O  W  O        O  O  tfi.  iS  O  i-»  O  •<}  O  Ol 


h-l^UC0C0  05>^^^*^*».0i•<}05  0Ta^O0>•<>l-'01-<J0DCH05^i*^^B^0Ol-l0^-J 


Rainfall,  in  inches. 


Volume  pumped,  in  mil- 
lions of  gallons  per  day. 


*i-i  ^1  4^  '*..  CO  t-i  4i.  Oi  OS  CD  b»  #>■ 


i_i4i.050505coa»*>.*^-5^jc«cimoososcc 


^oo^o5Cocoooc»5Coco*^o^'^;o505^^l-'l-'^-^ 


.ODrfi.h;^*.*^rf-cooi>ii-cuoai-j-j-<i 


14^       it>i.  »(^  if>.  rf^  CO  ri^  t^  i(^  1^  )^  ri^  >f^  >P^  >^  M^  CO  CO  CO 


05>C>.IC/>*^CD050»COO 
*k  Ol  o» 


Flow  in  septic  tanks, 
average  period,  in  hours. 


1-1  CO  to  *>■  CO  tf^ 


c  CO  CO  coco  to 


)4::>.  CO  )C>- 1(^  rf^  CO 


Volume  filtered,  in  mil- 
lions of  gallons  per  day. 


Filter  area  in  service 

during  application  of 

sewage,  in  acres. 

Average  rate  of  filtration 
during  application  of 
sewage,  in  millions  of 

gallons  per  acre  per  day. 


CO  CO  CO  CO  CO  CO  • 
oicnoT  en  h-t  co- 


coco- 
oVc- 


CO  CO  0^- 


Flow  in  settling  basin, 
average  period,  in  hours. 


to  CO  to  i-i  i-k  h-i  i-i  i-t   i-j.  h-t  to  to  tS  >-t  1-t  to  en  to  t-i  CO  H-i  t-i  to  ^0  ht».  *-. 

>-'OOiQocDcoa^aooc*».»^-N>ootsi-'cn*^0'>-'->05-vsaoo4i.cot-icni-io 
o  to  00  OOP  05  00  apoDtotoac>*-toioco  tojo  o  to  *^  o:  to  o  ojt^.  to  oc  *-  ooa 

►-'to  to  I-'      H-i  CO  i-i 

oicoo»coc!TtocnMi>-cotit*^*>.mco'-icoi-'j^os^-o--ioi>-icjicnto-!-<}ooo 
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seem  that  during  the  first  few  months  of  operation  the  test  for 
putrescibility  was  more  rigorously  applied  than  was  the  case  at  the 
testing  station  and  at  places  elsewhere,  thus  placing  some  of  the  results 
secured  at  the  Columbus  works  in  a  somewhat  unfavorable  light. 
Exhaustion  of  free  dissolved  oxygen  in  the  undiluted  samples  of  the 
final  effluent  in  the  incubator  tests  was  practically  taken  as  denoting 
putrescibility,  whereas  more  oxygen  could  be  obtained  from  the  nitrites 
and  nitrates  before  actual  putrefaction  would  result. 

TABLE  17. — Eesults  Obtained  in  the  Experimental 
Investigation  with  Test  Sprinkling  Filter  C. 


Parts  per  million. 

Suspended  Matter < 

Screened  sewage. 
Septic  effluent. 
Filter  effluent. 

209 

82 
57 

Oxygen  Consumed ■< 

Screened  sewage. 
Septic  effluent. 
Filter  effluent. 

51 
37 

18 

Nitrogen - 

Filter 
effluent. 

j  As  nitrites. 
{  As  nitrates. 

0.69 
3.10 

Putrescibility. 


Filter 
effluent. 


Final 
effluent. 


Undiluted. 
Itol. 


(  Undiluted. 
/       1  to  1. 


•   •        tlillions  per  c.c. 

Bacteria -< 

Screened  sewage. 
Septic  effluent. 
Filter  effluent. 

3.6 
3.3 
1.0 

Summary  of  Cost  of  Engineering. 

As  the  design  and  construction  of  the  water  and  sewerage  work  was 
directed  from  one  ofiice,  it  has  been  impossible  to  apportion  exactly  to 
each  certain  of  the  items  in  the  cost  of  engineering,  although  the 
figures  given  are  sufficiently  close  for  all  practical  purposes.  A  sum- 
mary of  the  cost  of  engineering,  however,  may  be  of  interest,  and  is 
therefore  given  in  Table  18. 
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TABLE  18. — Summary  of  Cost  of  Engineering. 


Cost  of 
work. 

Cost  of  Engineering. 

Work. 

Pay-roll. 

Sup- 
plies. 

Expen- 
ses. 

Total. 

Per- 
cent- 
age. 

Scioto  River  Storage  Dam  and  Res- 
ervoir  

$489  350 

1  237  620 

1  198  180 

$27  540 

84  340 
90  820 

$3  560 

6  120 
G  450 

$2  230 

5  490 

10  280 

$33  330 

95  950 
107  550 

6  81 

Scioto  River  Pumping  Station  and 
Water  Purification  Works  and 
work  connected  therewith 

Sewage  improvements 

7.75 
8.98 

Totals 

$2  925  150 

$150  850 
236  830 

$202  700 

$16  130 

$18  000 

$236  830 

8  10 

Land  for  Scioto  River  Storage  Dam 
and  Reservoir 

Engineering 

Grand  Total  of  Cost 

$3  312  830 

Engineering   Organization. 

The  engineering  work  was  organized  as  practically  a  separate 
branch  of  the  engineering  department  of  the  Board  of  Public  Service. 
At  the  time  the  work  was  started,  Julian  Griggs,  M.  Am.  Soc.  C.  E.,  was 
the  Chief  Engineer  of  the  Department,  having  occupied  that  position 
for  several  years  previous  to  the  commencement  of  this  work,  and  it  is 
a  pleasure  for  the  writer  to  state  that  the  City  of  Columbus  is  indebted 
most  to  Mr.  Griggs  for  bringing  about  and  carrying  forward  these  two 
improvements.  Mr.  Griggs  paved  the  way,  and  it  was  due  to  his  fore- 
sight and  perseverance,  in  the  face  of  criticism,  long  since  silenced, 
that  the  work  was  successfully  started ;  too  much  credit  cannot  be  given 
him.  Mr.  Griggs  was  succeeded  in  1906  by  Mr.  Henry  Maetzel,  who 
has  ably  followed  the  policies  of  his  predecessor.  Rudolph  Hering  and 
George  W.  Fuller,  Members,  Am.  Soc.  C.  E,,  have  acted  throughout  as 
Consulting  Engineers,  and  to  them  great  credit  is  due  for  their  hearty 
co-operation. 

The  experimental  investigations  were  ably  carried  out  by  George  A. 
Johnson,  Assoc.  M.  Am.  Soc.  C.  E.,  assisted  by  William  R.  Copeland, 
Assoc.  Am.  Soc.  C.  E.,  Chief  Bacteriologist,  Mr.  A.  Elliot  Kimberly, 
Chief  Chemist,  and  Mr.  George  P.  Shute,  Assistant  Engineer. 

Mr.  F.  B.  Edwards  was  Resident  Engineer  in  charge  of  the  con- 
struction of  the  dam  and  reservoir ;  George  E.  Howe,  M.  Am.  Soc.  C.  E., 
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Resident  Engineer  in  charge  of  the  construction  of  the  Scioto  River 
pumping  station,  water  purification  works,  and  force  mains;  Mr.  Ed- 
ward A.  Kemmler,  Resident  Engineer  in  charge  of  the  construction  of 
the  sewage  pumping  stations,  purification  works,  and  sewerage  work; 
Mr.  Walter  W.  Jackson,  Mechanical  Engineer  in  charge  of  the  mechani- 
cal equipment,  and  Messrs.  George  E.  Howe,  and  J.  William  Link,  and 
Arthur  J.  Decker,  Jun.  Am.  Soc.  C.  E.,  in  charge  of  the  office  work,  to 
whom  the  successful  completion  of  the  work  is  in  no  small  measure  due. 
The  writer  was  in  direct  charge  of  the  design  and  construction  of  the 
work,  with  the  titles,  successively,  of  Engineer  of  Design,  Principal 
Assistant  Engineer,  and  Engineer  in  Charge. 

The  operation  of  the  two  works  has  been  and  is  still  in  charge  of 
Mr.  Jackson,  as  Engineer  of  Water  Supply  and  Sewage  Disposal, 
assisted  by  Mr.  Copeland,  as  Chief  Chemist  and  Bacteriologist  at  the 
water  purification  works,  and  Mr.  Clarence  B.  Hoover,  as  Chief 
Chemist  and  Bacteriologist  at  the  sewage  purification  works,  and  to 
them  the  credit  is  due  for  the  successful  operation  of  the  works. 

In  closing,  the  writer  wishes  to  acknowledge  his  indebtedness  for 
the  hearty  co-operation  given  him,  not  only  by  all  those  connected  with 
the  engineering  organization,  but  by  the  members  of  the  several  Boards 
of  Public  Service  under  whose  direction  the  work  was  done,  and  the 
numerous  other  city  officials  with  whom  he  came  in  contact,  and  who, 
practically  without  exception,  did  everything  within  their  power  to 
further  the  carrying  out  of  the  work. 


Mr. 
Ellms. 


324      DISCUSSION  :  water  and  sewage  works,  COLUMBUS,  OHIO 

DISCUSSION. 


Joseph  W.  Ellms,  Esq.^'  (by  letter). — The  very  complete  tables 
of  cost  of  construction  submitted  by  Mr.  Gregory  are  of  much  value 
The  total  and  unit  costs  relating  to  the  Water  Purification  Works 
were  of  particular  interest  to  the  writer  in  connection  with  a  similar 
table  compiled  from  the  costs  of  construction  of  the  Cincinnati  Fil- 
tration Plant.  It  is  obvious  that  no  strict  comparison  of  the  costs 
of  similar  parts  of  these  two  plants  is  justifiable,  since  each  was  de- 
signed to  meet  local  conditions.  At  Cincinnati  the  plant  was  required 
to  clarify  and  purify  a  turbid  water;  at  Columbus  the  same  condi- 
tions were  to  be  met,  but,  in  addition,  the  water  was  to  be  softened. 
Apparently,  the  latter  function  was  considered  as  governing  the  de- 
sign of  the  works  at  Columbus. 

Table  19,  showing  the  costs  of  construction  for  the  Cincinnati  Fil- 
tration Plant,  is  submitted  as  a  contribution  to  the  general  subject, 
and  may  be  of  interest  to  engineers  designing  and  building  plants  of 
this  type. 

TABLE  19. — Total  and  Unit  Costs  of  Main  Features  of  Work 
Done  in  Construction  of  Water  Purification  Works  at  Cin- 
cinnati, Ohio. 

Capacity  of  Plant:    112  Million  Gallons  in  24  Hours. 


Work. 

Total  cost. 

Cost  per  million 

gallons  of 

capacity  for 

24  hours. 

Preparation  of  grounds 

f 33  359.67 
55  354.77 
141  989.85 
304  913.05 
592112.30 

29  701.91 
121332.39 

$297.85 

Pipe  lines  between  settling  reservoirs  and  head-house. . 
Head  and  chemical  house 

494.24 
1  267.77 

Coagulation  basins,  gate  houses  and  pipe  lines 

2  722.44 

Filters,  filter  house,  piping,  sand  and  gravel 

5  286.71 

Piping,  valves  and  gate-house  between  filters  and  clear- 
water  reservoir 

265.20 

Clear-water  reservoir 

1  083.59 

Total 

$1278  793.94 

$11417.80 

At  Columbus,  the  unit  costs  per  million  gallons  of  capacity  in 
24  hours  appear  to  be  considerably  greater  for  the  settling  basins 
and  mixing  tanks  combined,  than  for  the  coagulation  basins  at  Cin- 
cinnati. The  figures  for  the  Columbus  tanks  and  basins  are  $7 100 
per  million  gallons  of  capacity,  as  compared  with  $2  722  at  Cincin- 
nati. In  a  general  way,  these  parts  of  the  two  plants  correspond;  but 
it  should  not  be  forgotten  that  at  Columbus  more  elaborate  baffling 
*  Superintendent,  Cincinnati  Filtration  Plant. 
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of  tanks  and  basins,  more  divisions  of  the  flow  of  the  raw  and  treated  Mr. 
waters,  and  more  places  for  the  primary  and  secondary  applications 
of  chemical  solutions  were  needed  and  provided  for,  than  were  re- 
quired at  Cincinnati.  The  greater  combined  unit  costs  of  the  head- 
house,  lime-saturator  house,  storage-house,  wash-water  tank,  offices  and 
laboratories  at  Columbus,  than  for  the  corresponding  head-house, 
chemical-house,  wash-water  tank,  offices,  and  laboratories  at  Cincin- 
nati, are  similarly  explained  by  the  necessity  for  designing  a  plant 
for  softening,  as  well  as  for  clarifying  and  purifying  the  water.  The 
combined  unit  costs  for  the  items  noted  above  for  the  Columbus 
plant  amount  to  $3  784,  as  compared  with  $1 268  for  the  Cincin- 
nati plant. 

The  filters  and  piping  in  the  Cincinnati  plant  cost  more  per  mil- 
lion gallons  of  capacity  than  did  those  at  Columbus.  The  figures  for 
Columbus,  which  include  the  air-washing  equipment,  are  $3  540,  as 
compared  with  $5  287  for  Cincinnati.  However,  the  filtered-water 
reservoir  at  Columbus  cost  more  than  that  at  Cincinnati.  The 
figures  for  the  Columbus  plant  are  $3  280  per  million  gallons,  and  for 
the  Cincinnati  plant,  $1 084.  At  the  latter  plant,  the  clear-water 
reservoir  is  a  separate  uncovered  reservoir,  while  at  Columbus,  it  is 
directly  under  the  filter  tanks,  which  latter  form  a  protecting  roof. 
Virtually,  no  great  difference  in  costs  exists,  if  the  cost  of  the  filters, 
piping,  and  clear-water  reservoir  of  each  plant  be  combined  and  then 
compared. 

The  cost  per  million  gallons  of  capacity  for  the  whole  purification 
plant  at  Columbus  is  stated  to  be  $17  750,  which  amount  does  not  in- 
clude engineering;  the  corresponding  figure  for  the  Cincinnati  plant, 
as  shown  above,  is  $11  418,  and  this  also  excludes  the  cost  of  engineer- 
ing. The  difference  of  more  than  $6  000  per  million  gallons  of  capacity 
is  doubtless  due  to  the  additional  requirement  demanded  by  the  IoceJ 
conditions  at  Columbus,  that  is,  for  the  softening  of  a  very  hard 
water,  and  one  which  is  at  times  subject  to  rapid  fluctuations  in  its 
physical  characteristics. 

Julian  Griggs,  M.  Am.  Soc.  C,  E.  (by  letter). — This  descriptive  Mr. 
record,  with  the  liberal  illustrations  showing  the  details  of  construc- 
tion of  the  improved  water  and  sewage  works  at  Columbus,  Ohio, 
forms  a  valuable  addition  to  the  rapidly  growing  accumulation  of 
literature  pertaining  to  npanicipal  sanitation.  Therefore,  it  should 
prove  welcome  to  all  who  are  interested  in  the  subject,  and  especially 
to  that  wide  circle  of  progressive  engineers  and  city  officials  who  since 
1904  have  followed  more  or  less  closely,  by  pilgrimage  or  otherwise, 
the  development  here  being  realized. 

Columbus  is  to  be  congratulated  on  having  works  in  which  the 
highest  state  of  the  art  of  water  and  sewage  purification  was  repre- 
sented at  the  time  they  were  designed. 
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Mr.  The  mechanical  execution  of  the  work  was  also  of  a  high  order  of 

"^^^'  excellence,   and   reflects  great   credit   on  the   contractors   and  the  en- 
gineering organization  in  responsible  charge  of  its  construction. 

The  elasticity  of  the  design  is  proving  of  value  in  affording  a 
wide  range  for  varying  the  details  of  operation  and  thus  permitting 
sundry  experiments  by  the  chemists  in  charge,  which  will  ultimately 
add  to  the  knowledge  on  many  obscure  questions  of  rates  and  effi- 
ciency, a  feature  which  the  writer  hopes  to  see  emphasized  in  the 
discussion  on  this  paper. 

One  defect  in  the  sewerage  system  and  sewage  purification  works 
to  be  regretted  is  in  the  sand-catching  appliances.  It  seems  to  the 
writer  that  some  mechanical  device  for  cleaning  and  keeping  clean 
the  sand-catcher  at  the  main  sewage  pumping  station  should  have 
been  installed,  for  the  reason  that  dependence  on  hand-cleaning  has 
been  found  to  be  unreliable.  Soon  after  the  operation  of  the  pump- 
ing station  was  begun,  the  sand-catcher  filled  to  the  flow  line  of  the 
sewer.  Since  then  all  detritus  arriving  in  the  sewer  has  been  car- 
ried forward  into  the  sump  chamber  where  it  clogged  the  sewage- 
level  indicators,  and  the  portion  which  remained  has  had  to  be  re- 
moved therefrom  by  hand-cleaning  at  more  or  less  frequent  intervals. 
Probably  half  of  the  detritus  carried  to  the  station  in  the  sewage 
passed  the  pumps  and  was  later  deposited  in  the  primary  septic  tanks, 
where,  forming  layers  over  the  septic  sludge,  it  confined  the  gases  of 
decomposition  and  greatly  increased  the  violence  of  the  ebullitions, 
thus  complicating  their  action.    It  still  remains  to  be  disposed  of. 

In  this  connection  it  may  be  of  interest  to  state  that  the  inter- 
ceptors, some  twenty  in  number,  on  the  intercepting  sewer  are  for 
the  most  part  only  pits,  1  or  2  ft.  in  depth,  in  the  bottom  of  each 
combined  sewer,  with  pipes  varying  from  6  to  15  in.  in  diameter  lead- 
ing from  the  pits  to  the  intercepting  sewer  beneath  the  combined 
sewer  at  the  point  of  crossing.  It  is  apparent,  therefore,  that  each 
intercepting  pit  acts  as  a  sand-catcher  for  detritus  and  quickly  con- 
veys it  to  the  intercepting  sewer.  This  condition  is  somewhat  miti- 
gated by  the  fact  that  in  flood  flows  the  smaller  interceptors  become 
clogged,  and,  in  that  event,  a  portion  of  the  detritus  is  carried  past 
the  interceptor  to  the  river  outlet  of  the  combined  sewer. 

Three  of  the  interceptors  are  provided  with  automatic  gates  con- 
trolled by  floats  which  close  the  connection  to  the  intercepting  sewer 
at  times  of  storm  flow,  when,  presumably,  the  greatest  proportion  of 
the  detritus  would  be  carried  in  the  sewage.  These  devices  have  served 
the  purpose  intended.  It  may  be  that  now,  however,  a  new  condition 
has  been  introduced,  which  renders  them  less  effective  than  formerly. 
The  new  condition  is  the  daily  use  of  compressed  air  street  flushers,  first 
introduced  in  1904;  and  now,  weather  permitting,  3  miles  of  30-ft. 
streets,  or  an  equivalent  area,  are  washed  daily.    These  flushers  simu- 
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late  the  condition  of  a  heavy  shower  for  the  area  over  which  they  Mr. 
operate,  and  carry  into  the  sewer  catch-basins  and  the  sewer  itself  a 
large  quantity  of  detritus.  In  the  area  flushed  there  are  518  street 
catch-basins,  mostly  of  the  standard  pit  type,  3i  ft.  in  diameter,  and 
li  ft.  deep  below  the  siphon  outlets;  but  9%  of  these  catch-basins  are 
direct  inlets  furnished  with  the  so-called  Palmer  valves.  As  repairs 
are  needed,  these  basins  are  being  gradually  changed  to  the  standard 
form  with  pits. 

The  intercepting  sewer  is  6.8  miles  long  and  from  2J  to  6  ft.  in 
diameter,  with  a  grade  of  1  per  3  000  at  its  largest  diameter,  giv- 
ing a  velocity  of  2.3  ft.  per  sec.  It  was  first  put  into  operation  in 
August,  1894;  five  years  later,  in  September,  1899,  a  cleaning  of  it 
was  begun,  which  was  continued  until  June,  1900,  whereby  deposits 
of  from  10  to  15  in.  in  depth  were  removed-  from  about  2.4  miles  of 
sewer  at  a  cost  of  $1.78i  per  cu.  yd.,  or  a  total  cost  of  $6  564.81. 
Nine  years  later,  in  July,  1909,  deposits  upward  of  3  ft.  in  depth 
having  accumulated,  a  second  cleaning  was  begun  and  is  being 
continued. 

While  the  intercepting  sewer  is  being  hand-cleaned  it  is  necessary 
to  close  the  interceptors  and  divert  the  raw  sewage  into  the  river, 
fouling  the  same,  and  thus  defeating  for  a  time  the  purpose  for  which 
the  sewage  purification  works  have  been  constructed. 

The  cleaning  of  the  intercepting  sewer  with  sewage  accumulated 
under  a  considerable  head  in  manholes  at  frequent  intervals  and  sud- 
denly released  through  quick-opening  gates  has  been  proposed,  but 
while  this  method  is  effective  in  small  sewers,  it  is  doubtful  whether 
it  would  be  in  sewers  of  large  diameter  unless  the  accumulation  of 
sewage  was  augmented  by  storage  greatly  in  excess  of  manhole  capaci- 
ties. 

The  fact  that  the  intercepting  sewer  is  about  5  ft.  lower  than  low 
stages  of  water  in  adjacent  streams  suggests  a  connection  with  the 
same  for  flushing  purposes,  and  for  the  upper  end  of  the  sewer  such 
a  provision  should  prove  of  benefit. 

Whenever  the  intercepting  sewer  has  been  cleaned  the  sand  has 
been  found  cemented  in  layers  with  tar  which  has  escaped  from  the 
gas-works  of  the  Ohio  Penitentiary.  An  interceptor  in  the  street, 
on  the  house  sewer  from  the  penitentiary,  was  built  in  1900-  and 
was  cleaned  five  times  in  that  year  of  from  6  to  8  bbl.  of  tar  at  each 
cleaning.  •  It  may  be  that  in  the  changes  occurring  since  in  State 
and  city  officials,  this  provision  for  preventing  tar  from  entering  the 
sewers  has  been  overlooked. 

The  advisability  of  constructing  sand-catchers  at  each  of  the 
sewage  interceptors  to  prevent  part  of  the  detritus  from  entering  the 
intercepting  sewer,  and  another  sand-catcher  on  the  intercepting  sewer 
east  of  the  river,  where  the  sewer  invert  is  above  the  back-water  and 
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Mr.     the  sewer  itself  has  a  shallow  cover,  is  being  considered,  but  what- 
riggs.  ^^g^  ^^y  1^^  done  in  these  respects  the  writer  believes  that  some  me- 
chanical  device   for   cleaning   and   keeping   clean   the    existing   sand- 
catcher  near  the  main  sewage  pumping  station  will  be  found  desirable 
and  necessary. 

Mr.  C-E.  A.   WiNSLOW,  EsQ*   (by  letter). — All  who   are  interested  in 

sanitary  matters  must  feel  indebted  to  Mr.  Gregory  for  this  compre- 
hensive and  detailed  account  of  the  important  developments  in  water 
and  sewage  practice  which  have  been  worked  out  at  Columbus,  Ohio. 
Profitable  discussion  is  suggested  by  many  points  in  connection  with 
both  of  the  new  plants,  but  the  influence  of  the  Columbus  experiments 
and  designs  on  the  history  of  sewage  purification  is  the  particular 
phase  of  the  subject  which  appeals  most  strongly  to  the  writer. 

Progress  in  sanitary  engineering  in  the  United  States  has  been 
marked  by  half  a  dozen  striking  and  epoch-making  investigations.  In 
water  purification,  the  construction  of  the  Lawrence  filter,  in  1893, 
the  Louisville  experiments  in  1898,  and  the  disinfection  of  the  Jersey 
City  water  supply  in  1908,  form  notable  landmarks.  Modern  sewage 
purification  began  at  the  Lawrence  Experiment  Station  of  the  Massa- 
chusetts State  Board  of  Health  in  1890.  Then  for  fifteen  years  the 
lead  was  taken  by  English  engineers;  and  the  report  by  George  A. 
Johnson,  Assoc.  M.  Am.  Soc.  C.  E.,  on  the  Columbus  exjjeriments  in 
1905  marks  the  next  really  important  and  fundamental  advance  in 
American  practice. 

The  Columbus  experiments,  followed  by  the  construction  and  oper- 
ation of  the  20  000  000-gal.  plant,  demonstrated  that  the  trickling  or 
sprinkling  filter  could  be  operated  successfully  under  American  condi- 
tions, and  in  a  moderately  severe  Northern  climate.  Since  1905  the 
opinion  has  rapidly  gained  ground  that,  under  ordinary  conditions, 
and  with  the  possible  exception  of  small  cities  situated  where  sand  is 
easily  available,  the  trickling  process  is  the  most  economical  of  all 
methods  of  sewage  purification.  The  plants  at  Washington  and  Read- 
ing, Pa.,  are  obviously  modeled  after  the  Columbus  studies;  and 
experimental  work  at  Boston,  Baltimore,  Philadelphia,  and  Chicago, 
tends  in  the  same  direction. 

There  are  minor  points  in  the  design  of  trickling  filters,  which 
remain  to  be  worked  out,  of  which  the  method  of  distribution  is 
undoubtedly  of  the  first  importance.  In  regard  to  this  the  writer  is 
inclined  to  believe  that  the  Columbus  model  will  be  modified  consider- 
ably in  future  plants.  The  discharge  of  sewage  from  fixed  sprinkler 
nozzles  with  large  circular  orifices  tends  to  be  defective,  for  two  rea- 
sons: The  quantity  of  sewage  discharged  on  the  wetted  area  from 
such  a  nozzle  is  too  large  for  efiicient  purification;  and  the  distribu- 

*  Biologist-in-Charge,  Sanitary  Research  Laboratory  and  Sewage  Experiment  Station, 
Massachusetts  Institute  of  Technology. 
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tion  is  notably  uneven.  At  Columbus  the  first  objection  has  been  met  Mr. 
by  intermittent  operation  (the  bed  being  dosed  at  first  for  6-hour 
periods  and  finally  for  periods  of  only  15  min.),  and  by  reducing  the 
diameters  of  the  nozzle  orifices  on  six  of  the  filters  from  /y  in.  to 
between  ^|  and  xe  i^-  The  second  difficulty,  of  uneven  distribu- 
tion within  the  wetted  area,  has  been  met  by  operating  the  nozzles 
under  three  different  heads,  during  successive  15-min.  periods.  If  a 
varying  head  must  be  used,  however,  it  seems  more  reasonable  to 
adopt  a  nozzle  like  that  designed  by  W.  Gavin  Taylor,  M.  Am.  Soc. 
C.  E.,  to  discharge  in  a  sheet  rather  than  over  a  ring;  and  Mr.  Tay- 
lor's nozzle  has  the  further  advantage  of  covering  approximately  a 
square  and  avoiding  waste  area  or  the  overlapping  of  circles.  If  vary- 
ing head  is  not  to  be  used,  the  Technology  gravity  distributor,  in  which 
the  sewage  is  discharged  downward  on  a  disc  from  which  it  splashes 
up  and  out,  gives  a  more  even  distribution  than  any  fixed  device, 
except  nozzles  like  those  used  at  Birmingham,  which  have  the  defect  of 
very  small  openings  subject  to  serious  clogging. 

There  is  no  doubt,  on  the  whole,  that  the  trickling  filter  furnishes 
a  cheap  and  satisfactory  method  of  securing  organic  stability.  It  is 
an  ideal  oxidizing  machine.  The  problem  of  suspended  solids,  how- 
ever, it  does  not  solve;  and  this  remains  the  most  serious  problem 
in  sewage  disposal.  The  analytical  data  for  the  operation  of  the 
Columbus  plant  for  1909,  given  by  Mr.  C.  B.  Hoover,  are  the  basis 
for  the  figures  in  Table  20,  which  indicate  the  extent  of  this  problem 
in  a  striking  manner.     The  figures  for  the  mean  daily  flow  through 

TABLE  20. — Suspended  Solids  at  Columbus,  1909. 


Mean  daily 

flow, 
in  millions 
of  gallons. 

Suspended  Matter  Removed 
(Influent  Minus  Effluent). 

Parts  per 
million. 

Pounds  per 
day. 

Tons  per 
year. 

Septic  tank 

11.1 
5.8 

118 
43 

10  892 
2  072 

1777 

Seuimentation  tanks 

338 

the  sedimentation  tanks  have  been  calculated  from  the  data  relating  to 
the  percentages  of  the  time  these  tanks  were  in  service,  assuming  that 
the  periods  were  representative  ones.  It  appears  from  Table  20  that 
2  115  tons  of  dry  solid  material  are  annually  removed  from  the  Colum- 
bus sewage,  amounting  to  about  ^  ton  per  1  000  000  gal.  A  part  of  the 
1 777  tons  deposited  in  the  septic  tanks  will  of  course  be  liquefied, 
but  probably  not  more  than  half.  Mr.  Hoover's  figures  indicate  that 
four  of  the  tanks  were  cleaned  twice  during  the  year,  and  the  other 
two  four  times.     At  present  Columbus  is  fortunate  in  being  able  to 
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Mr.  discharge  its  sludge  into  the  Scioto  River  *at  periods  of  high  water. 
Winsiow.  -p^^  cities  not  so  well  situated  this  question  of  sludge  disposal  remains 
a  very  real  one. 

There  are  two  main  lines  along  which  the  solution  of  this  problem 
may  perhaps  be  sought  profitably.  The  first  is  the  perfection  of  the  sep- 
tic tank,  or  some  other  form  of  biolytic  chamber,  so  that  a  larger  pro- 
portion of  the  sedimented  solids  may  be  eliminated  by  microbic  diges- 
tion. The  writer  has  become  convinced  that  the  principal  factor  which 
prevents  more  complete  solution  of  suspended  solids  is  the  over-septic 
condition  of  the  sludge  due  to  the  accumulation  of  waste  products  of 
bacterial  life.  If  this  be  the  case,  tanks  built  like  the  Hampton  and 
Emscher  tardus,  in  such  a  fashion  as  to  separate  the  sludge  from  the 
flowing  sewage,  keeping  the  sewage  fresh  and  the  sludge  as  stagnant  as 
possible,  are  designed  on  a  diametrically  wrong  principle,  as  far  as  the 
sludge  solution  is  concerned.  At  the  new  experiment  station  of  the 
Massachusetts  Institute  of  Technology,  the  reverse  principle  has  been 
applied.  A  septic  tank  has  been  constructed  on  the  Dortmund  pattern, 
the  influent  entering  near  the  bottom  and  being  skimmed  off  at  the 
top,  so  that  the  sludge  is  constantly  washed  and  kept  from  an  over- 
septic  condition  by  the  incoming  sewage.  No  data  as  to  sludge  diges- 
tion are  as  yet  available,  for  the  tank,  thus  far,  has  been  operated 
(8  months)  without  the  necessity  for  cleaning;  but  the  effluent  is  of 
excellent  character. 

The  other  possible  avenue  of  approach  to  the  sludge  problem  lies 
along  the  line  of  utilization.  The  history  of  sewage  purification  is 
one  long  story  of  disappointment  as  to  the  extraction  of  any  useful 
by-products;  yet  the  failures  of  the  past  cannot  limit  the  possibilities 
of  the  future.  Reports  of  the  results  already  achieved  in  England 
and  Germany  by  the  reawakening  of  efforts  along  this  line  are  not  very 
convincing.  It  is  possible,  however,  that  some  mechanical  improve- 
ment may  at  any  time  bring  the  utilization  of  concentrated  sludge — 
particularly  where  manufactural  wastes  are  present — within  the  range 
of  practical  consideration. 

Messrs.  Messrs.   R.   D.   Scott*   AND  R.   F.   MoDowELLf  (V  letter). — Dur- 

and        ing  recent  years,  and  prior  to  1909,  the  Scioto  River,  at  and  below 

c  oweii.  Qolumbus,  has  been  unsightly  in  appearance  and  foul  smelling  during 
low-water  stages.  This  is  what  might  have  been  expected,  as  at  least 
one-half  of  the  flow  at  such  times  was  sewage. 

As  observed  in  January,  1909,  the  river  bed  was  covered  with  a 
deposit  of  sludge  from  1  to  12  in.  deep.  The  appearance  of  the  surface 
of  the  stream  was  marred  by  floating  masses  of  sludge,  and  odor  from 
the  river  was  noticeable  for  a  distance  of  at  least  100  ft.  from  the 
banks. 

*  Asst.  Chemist,  Sewage  Purification  Works,  Columbus,  Ohio. 
i  Civ.  Engr.,  Ohio  State  University. 
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During  the  siimmer  and  fall  of  1909,  about  one-half  of  the  raw    Messrs. 
sewage  from  that  part  of  the  city  east  of  the  river,  was  discharged      a^mi 
directly  into  the  river,  owing  to  the  cleaning  of  the  intercepting  sewer.  ^icDoweil. 
For  this  reason,  there  was  but  little  improvement  over  previous  con- 
ditions during  this  time.     Consequently,  it  will  be  impossible  to  show 
the  effect  of  the  purification  of  the  sewage  on  the  sanitary  condition 
of   the   river   under   low-water,   warm-weather   conditions,    until   after 
the  summer  of  1910. 

The  composition  of  the  water  of  the  Scioto  and  Olentangy  Kivers 
above  the  city,  is  indicated  by  the  analyses  given  in  Table  21. 

TABLE  21. 


Scioto  River, 

at 
storage  dam. 

Olentangy  River, 
about  2  miles 
above  the  city. 

Date 

Api-il  23d,  1909. 

2.8 

October  5th  1909 

River  elevation,  in  feet,  above  low  water 

0  0     ' 

Temperature  of  water,  in  degrees  Fahrenheit 

57.0 

Analytical  Results,  in  Parts  per  Million. 


Suspended  matter 

Oxygen  consumed 

Nitrites 

Nitrates  

Organic  nitrogen 

Fx"ee  ammonia 

Chlorine 

Dissolved  oxygen 

Bacteria  (whole  numbers) 


7.0 

5.0 
Trace. 

0.1 

0.3 

0.03 
10.0 

9.8 
30 


The  sanitary  condition  of  the  Scioto  above  the  sewage  works  and  at 

various  stages  during  1909,  is  shown  by  results  of  analyses  of  samples 

taken  4  mile  above  the  outfall.     These  results  are  recorded  in  Table 
oo 

TABLE   22. 


Date. 


Jan.  1,  1909... 
Jan.  3,  1909... 
Jan.  23,  1909.. 
Feb.  6,  1909... 
Feb.  10,  1909. . 
Mar.  5.  1909... 
Apr.  5,  1909... 
Apr.  16,  1909.. 
Apr.  28,  1909.. 
Sept.  20,  1909  . 
Sept.  21,  1909  . 
Sept.  29,  1909  . 


4.) 

<v  b 

a  eg 

•".& 

cS  o 

+3'—' 

Si   |> 

0.0 
0.0 
0.9 
1.1 
7.0 
3.2 
1.4 
1.8 
1.2 
0.0 
0.0 
0.0 

Analytical  Results,  in  Parts  per  Million. 

n  -u 

ft«6 
»!  d 

11 

18 

105 

74 

350 

174 

28 

32 

36 

25 

21 

26 

Nitrogen  as: 

6 

a 

o 

2 
o 

^  a 
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16 

11 
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8 

9 

14 

14 

14 

25 

27 

27 

18 
5 

4.5 
7.5 
6.5 
9.0. 

"m.b" 

47.0 

0.0 

0.5 

4.7 

7.2 

12.6 

12.2 

10.6 

9.8 

10.2 

0.0 

0.0 

0.0 

0.45 
0.50 

1.0 

0.7 

1.14 

0.01 

0.014 

0.012 

Trace 

Trace 

Trace 

5.8 
3.9 
4.0 
3.0 
0.2 
0.0 
0.1 

2.3 
2.2 
2.5 

4.3 
4.6 
5.9 

"a     ^ 


0.098 
0.220 
0.700 
0.400 
0.075 
0.008 
0.026 
0.017 
0.024 
2.350 
1.980 
0.480 
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Messrs.  The  bad  condition  of  the  river,  prior  to  February,  1909,  as  shown 

^andf  by  the  results  recorded  in  Table  22,  is  explained  by  the  fact  that  for 
McDowell.  ^Yie  previous  six  months,  the  river  had  been  at  an  extreme  low-water 
stage,  during  about  one-half  of  which  time  (before  the  sewage  works 
began  to  operate)  all  the  raw  sewage  was  discharged  into  it.  Between 
the  beginning  of  this  long-continued,  low-water  stage  of  the  river  and 
the  starting  of  the  sewage  works,  there  had  been  no  flooiis  to  scour  out 
the  river  bed  and  free  it  of  deposited  and  decomposing  sludge.  From 
June  1st,  1909,  to  the  beginning  of  freezing  weather,  the  intercepting 
sewer  was  being  cleaned  and  raw  sewage  was  discharged  into  the 
river.  This  latter  fact  accounts  for  its  bad  condition,  as  indicated  by 
the  September  analyses. 

The  effluent  from  the  sewage  works  is  discharged  at  the  west  bank 
of  the  river  and  in  a  short  distance  becomes  thoroughly  mixed  with 
the  whole  flow  of  the  stream.     This  is  shown  by  Table  23. 

TABLE  23. — Results  of  Determinations  of  Chlorine,  in  Parts  per 
Million,  in  Samples  of  River  Water,  Showing  the  Mixing  of 
THE  Effluent  with  the  Water. 

When  River  Elevation  was  1.8  Ft.  Above  Low  Water.* 


Source  of  Sample. 

West  bank. 

West  center. 

East  center. 

East  bank. 

100  ft   below  outfall 

26.0 
12.0 
11.5 
10.5 
7  5 
6.5 

25.5 
7.0 
6.5 
6.5 
7.0 
4.5 

4.0 
5.0 
4.0 
6.0 
7.0 
G.O 

4.5 

1  mile       "■           "      

5.0 

1           li                 .    H                         li 

5.5 

3         "                  ''                     '^           

5.0 

1  0  mile   "•           "      

5.5 

11       "      "           "      

4.5 

When  River  Elevation  was  2.4  Ft.  Above  Low  Water.f 


100  ft.  below  outfall    

18.0 
10.0 
5.0 
5.0 
6.0 
6.0 

20.0 
5.0 
8.0 
6.0 
7.0 
6.0 

9.0 

8.0 
10.0 
5.0 
7.0 
5.0 

5.0 

\  mile       "           ''      

5.0 

1     tt         tt           11 

5.0 

3         11                  U                     " 

5.0 

1  0  mile   "           "•      

6.0 

11      "      "           "      

*  Chlorine  value  for  effluent  at  this  time  was  59  parts. 
+  Chlorine  value  for  effluent  at  this  time  was  56  parts. 

As  stated,  there  has  been  as  yet  no  favorable  opportunity  to  study 
the  Scioto  under  warm-weather,  low-water  conditions,  but  from  March 
5th  to  April  28th,  1909,  a  study  of  its  sanitary  condition  was  made. 
At  this  time  only  purified  sewage  was  being  discharged  into  the  river. 
Samples  were  taken  immediately  above  the  plant  and  at  several  points 
below  it.  The  results  of  the  analyses  of  these  samples  are  recorded  in 
Table  24.  The  river  was  from  1.4  to  2,6  ft,  above  the  low-water  stage 
at   this   time. 
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TABLE  24. 


6 

.2 

p. 

Analytical  Results,  in  Parts  per  Million. 

Suspended 
matter. 

Oxygen 
consumed. 

Nitrogen  as: 

Chlorine. 

Dissolved 
oxygen. 

Bacteria,  in 
millions 

c8 
CO 

Nitrites. 

Nitrates. 

1^'ree 
ammonia. 

per  cubic 
centimeter. 

1 

2 
3 

4 
5 
6 

32 
26 
29 
34 
23 
32 

8 
7 
9.5 

7 
7 
7 

0.012 
0.026 
0.037 
0.044 
0.035 
0.046 

3.6 
3.2 
3.2 
2.5 
3.0 
2.5 

0.21 
0.32 
0.40 
0.20 
0.11 
0.16 

7.7 

10.7 

10.7 

11.0 

9.5 

7.8 

10.2 

8.7 
8.6 
8.2 
8.6 
8.6 

0.0224 
0.0345 
0.0415 
0.0135 
0.0242 
0.0092 

Messrs. 

Scott 

and 

McDowell. 


Sample  No.  1  =  Average  of  four  samples  taken   0.5   ; 
No.  2=         "         ''       "  ''  "       "3.9 

No.  3  :=         "         "    three       ''  "         6.75 

No.  4=         "         '•'    two  "  "        11.3 

No.  5  =  "         ''    one  "  ''        17.5 

No.  6  =         "         "    three       "  "       25.0 


les  above  the  outfall. 
'     below    "        " 


On  October  6tli,  1909,  some  analyses  were  made  which  show  the 
self-purifying  ability  of  the  Scioto  when  low-water  conditions  prevail. 
These  samples  were  taken  during  the  time  when  the  intercepting 
sewer  was  being  cleaned,  and  when  from  30  to  50%  of  the  total  flow 
of  the  raw  sewage  of  the  city  was  being  discharged  into  the  river. 
These  results  are  recorded  in  Table  25. 


TABLE   25. 


Distance. 

in  miles, 

from 
sewage 
works. 

Temperature, 
in  degrees, 
Fahrenheit. 

<v   . 

02 

-a 
a  i> 

II 

Nitrogen  as: 

a 

1 

.a 
0 

©  fl 

River. 

03 

2  <^ 

.5 
®  a 

0)  0 

s 

5° 

Oleutangy 
Scioto  .... 

11.5  above 
6.3      '' 
5.2      " 
4.0      " 
0.5      " 
3.9  below 
6.75    " 

57 
57 
57 
59 

"59"  ■ 

as 

7 

21" 
10.5 
4.5 

5 

6 

H 

17 
17 
10.5 

9.0 

Trace 

'  Trace 
Trace 

0.085 

0.11 
6!i6 

0.15 

0.35 

0.34 
2!  16 

3.30 
2.6 

0.03 

4;i6 

5.50 
4.9 

10 

12 

18.5 

36.5 

49.0 

45.0 

43.0 

9.8 
6.0 
4.4 
0  0 

0.0 

Ik 

0  3 

11 

5.8 

The  self-purification  of  streams  has  often  been  noted,  but  the 
improvement  here  is  unusual  for  so  short  a  distance.  It  is  partly 
explained  by  the  aerating  effect  of  the  many  riffles  in  the  first  6  miles 
below  the  plant. 

A  comparison  of  the  comjjosition  of  the  river  water  just  above  the 
plant,  at  a  time  when  the  river  was  receiving  about  one-third  of  the 
raw  sewage  of  the  city,  with  the  effluent  from  the  plant,  might  be  of 
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Messrs.    interest.     The  results  given  in  Table  26  are  averages  of  samples,  of 
and      both  river  water  and  effluent,  taken  on  September  20th,  21st,  and  29th, 
McDowell.  ^QQQ^     'j'jie  river  was  at  an  extreme  low-water  stage  at  this  time. 

TABLE  26. 


Suspended  matter 

Oxygen  consumed 

Nitrites  and  nitrates 

Chlorine 

Dissolved  oxygen 

Bacteria  (millions  per  cubic  centimeter) 

Days  required  to  decolorize  1  cu.  cm.  of  a  O.l^'  solution  of 
methylene  blue  per  250  cu.  cm.  of  sample  when  incu- 
bated at  a7°  cent 


Analytical  Results, 
IN  Parts  per  Million. 


Mr. 
Wagner. 


It  is  evident  that  in  the  future  a  very  decided  betterment  of  the 
sanitary  condition  of  the  river  during  warm-weather,  low-water  times 
may  be  expected.  The  effluent  from  the  sewage  works,  itself  non- 
putrescible  75%  of  the  time,  will  be  diluted  at  such  times  with  approx- 
imately an  equal  volume  of  only  slightly  polluted  river  water. 

Samuel  Tobias  Wagner,  M.  Am.  Soc.  C.  E.  (by  letter). — It  is 
unique,  in  the  presentation  of  papers  to  this  Society,  that  there 
should  be  combined  in  one  paper  the  description  of  a  plant  for  the 
purification  of  the  water  of  a  municipality  for  domestic  purposes  and, 
at  the  same  time,  a  description  of  a  method  for  the  treatment  of  its 
sewage.  This  paper  is  specially  interesting  on  account  of  the  fact 
that  it  treats  both  subjects  comprehensively,  and  describes  not  only 
the  construction  with  great  detail,  but  also  the  operation  for  a  period 
sufficient  to  show  the  results  which  may  be  expected  when  everything 
has  got  a  bearing  and  is  running  in  a  regular  manner.  An  item  of 
great  value  is  the  detailed  supervision  of  the  costs.  Such  detail  is 
unusual  in  work  of  this  magnitude,  as  it  is  difficult  to  separate  it 
without  much  painstaking,  and  the  author  is  to  be  congratulated  not 
only  for  its  admirable  arrangement  but  also  for  the  presentation  of 
the  whole  subject  in  such  a  logical  and  complete  manner.  It  is  the 
duty  of  every  engineer  to  emulate  such  an  example,  and  to  prepare 
and  present  papers  on  the  work  under  his  charge  as  promptly  after 
completion  as  has  been  done  in  this  case. 

Under  the  head  of  "Pumping  Station,"  the  author  alludes  to  the 
fact  that,  the  ordinary  cut  stone  used  in  the  trimming  of  buildings 
of  this  class  was  replaced  with  concrete  constructed  in  special  moulds 
and  with  carefully  finished  surfaces.     Architectural  treatment  of  this 
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kind  is  of  special  interest  at  this  time  when  concrete  is  being  used    .Mr. 
to  so  great  an  extent,  and  the  writer  would  like  to  see  a  photograph  of 
at  least  a  portion  of  this  building,  showing  the  appearance  of  the  parts 
thus  treated  as  well  as  one  or  two  details.    As  gleaned  from  the  descrip- 
tion, the  general  effect  must  be  very  satisfactory. 

The  problem  of  purifying  a  water  of  the  character  described,  by 
softening  and  then  by  mechanical  filtration,  is  unusual  and  very  inter- 
esting. Apparently,  no  preliminary  investigations  on  an  experimental 
scale  were  made  to  determine  the  best  methods  for  its  treatment.  If 
no  such  experiments  were  made,  great  credit  is  to  be  given  for  the 
design  of  the  details  of  the  plant,  as  the  combinations  and  rapid 
variations  in  the  amounts  of  "total  hardness"  and  "turbidity,"  given 
in  the  tables  covering  the  period  of  operation,  are  indicative  of  the 
care  taken  to  secure  satisfactory  effluents.  The  writer,  does  not  recall 
any  published  data  dealing  with  a  water  of  such  a  character.  The 
tables  relating  to  the  operation  of  the  filters  from  January  to  August, 
1909,  show  that  the  results  are  steadily  improving  as  experience  with 
the  water  increases,  and  any  data  of  later  operations  which  may  be 
given  by  those  in  charge  of  the  plant  will  be  of  great  interest  as  indi- 
cating the  effect  of  this  treatment  on  the  water. 

It  is  not  surprising  that  detailed  experiments  were  made  on  the 
sewage  to  be  treated,  not  only  because  of  the  fact  that  it  was  desirable 
to  obtain  all  the  data  possible  as  to  its  peculiarities  before  proceeding  too 
far  with  the  design,  but  also  because  at  the  time  the  plant  was  projected 
the  general  question  of  sewage  treatment  in  the  United  States  on  such  . 
a  large  scale  was  in  its  infancy.  Great  credit  is  due  to  the  city  authori- 
ties for  permission  to  spend  the  money  necessary  for  these  experiments, 
and  it  is  now  possible  for  them  to  see  the  wisdom  of  their  action. 
The  problem  of  sewage  treatment  of  large  cities  in  the  United  States 
is  undoubtedly  one  of  the  most  vital  sanitary  questions,  and,  in  the 
very  near  future,  it  is  certain  that  many  municipalities  will  be  com- 
pelled to  spend  enormous  sums  of  money  for  such  improvements.  Such 
a  complete  description  of  this  work  at  the  present  time,  therefore,  is 
most  opportune  and  valuable. 

From  an  examination  of  the  tables  of  costs,  it  would  appear  that 
Columbus  has  now  completed  a  large  municipal  work  of  excellent 
design  and  at  a  very  reasonable  cost. 

J.  CoRBETT,  EsQ.^"  (by  letter). — This  work  seems  to  be  remarkably     Mr. 
bold  and  complete  to  have  been  carried  out  in  so  short  a  time,  and    *^^  ®   " 
there  is  no  doubt  that  it  will  prove  eminently  beneficial  to  Columbus. 

The  Scioto  River  Storage  Dam  is  of  such  ample  section  that  it 
cannot,  in  all  human  probability,  cause  any  risk  to  the  great  city 
below  it. 

*  Borough  Engr.,  Salford,  England. 
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Mr.  The  water-softening  and  filtering-   arrangements   seem   to   be  very 

Corbett.  efficient  in  actual  working;  but,  without  the  evidence  given  in  Table 
12,  the  writer  would  have  thought  it  impossible  to  work  the  fine  sand 
filters  at  the  rate  of  120  000  000  gal.  per  acre  per  day,  as  stated.  This 
rate  is  far  greater  than  any  of  which  he  has  record,  except  for  coarse- 
sand  preliminary  filters.  The  cleansing. of  the  filter  by  water  and  air 
seems  to  be  very  simply  and  effectively  arranged,  and  no  doubt  accounts 
for  the  wonderful  rate  of  working. 

Turning  to  "The  Improved  Sewage  Works,"  some  of  the  best 
features  of  the  works  at  Birmingham  and  at  Salford  seem  to  have 
been  selected,  but  it  may  yet  be  found  expedient  to  add  some  sort  of 
straining  filter  between  the  septic  tanks  and  the  bacteria  beds.  Experi- 
ence at  Salford  has  shown  that  these  beds  gradually  become  choked 
with  the  solid  matters  passing  on  to  them,  even  when,  as  at  Birming- 
ham and  Columbus,  the  medium  averages  more  than  1  in.  in  diameter. 
There  is  space  enough,  however,  for  such  an  addition,  if  found  requisite. 

The  hexagon  plan  for  the  bacterial  filters,  with  its  central  gate- 
house, etc.,  seems  to  be  an  excellent  arrangement,  but  no  mention  is 
made  of  provision  for  a  fall  from  the  center  to  the  circumference,  in 
order  to  equalize  the  pressure  on  the  spray  jets.  The  writer  has  found 
a  fall  of  1  in  250  for  a  whole  structure  very  efficient. 

The  spray  jets  used  at  Columbus  are  of  the  type  preferred  by  the 
writer  for  septic  effluent,  because  having  only  one  hole,  they  are  less 
likely  to  choke;  their  fault  of  throwing  the  drops  in  a  ring,  however, 
needs  the  corrective  proposed,  that  is,  an  automatic  variation  of  the 
head.  The  writer  used  this  type  on  experimental  filters  from  1893 
to  1898,  but,  on  the  permanent  beds,  substituted  the  well-known  two- 
hole  jets,  and,  later,  some  with  six  internal  holes.  These  give  no  trouble 
with  the  sewage  liquor  which  has  passed  through  the  coarse-sand 
roughing  filters. 

The  normal  rate  of  working  the  filters  at  Columbus,  2  000  000  gal. 
per  acre  per  day,  is  the  same  as  that  used  at  Salford,  with  ^  in.  to  1 
in.  medium,  with  double  this  rate  during  wet  weather.  The  ^vriter  is 
not  aware  of  any  coarse-grained  filters,  like  those  at  Columbus,  which 
treat  English  sewage  efficiently  at  this  rate;  but  no  doubt  this  rate 
may  be  used  in  treating  the  more  dilute  sewage  at  Columbus. 

In  a  few  years  the  filter  beds  will  probably  become  clogged  to  such 
an  extent  that  the  whole  medium  will  require  to  be  dug  out  and 
washed;  but  as  there  is  an  ample  water  supply,  this  may  not  be  a  very 
costly   renovation. 

As  to  the  aeration  of  the  filter  beds,  the  writer  is  of  the  opinion, 
though  he  cannot  quote  any  actual  facts  in  its  support,  that  the  beds 
would  be  improved  by  some  ample  air  pipes  carried  down  to  the  col- 
lecting channels,  so  as  to  provide  for  a  current  vertically  through  the 
medium. 
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It  is  to  be  hoped  that  there  may  soon  be  an  opportunity  to  abandon    ^  Mr. 
the  disposal  of  the  sludge  into  the  river  during  freshets.  It  seems  to 
imply   either   a   very    irregular   cleansing   of   the   settling   basins    and 
septic  tanks,  or  a  certain  laxity  in  the  definition  of  freshets  in  the 
river. 

Looking  to  the  whole  work  of  water  supply  and  sewage  disposal, 
the  writer  heartily  congratulates  the  author  on  its  evident  efficiency, 
and  on  the  considerable  ingenuity  and  originality  shown  in  many  of 
its  details. 

W.  R.  CoPELAND,  Assoc.  Am.  Soc.  C.  E.  (by  letter). — Mr.  Gregory  Mr. 
refers  to  the  fact  that  the  underlying  rock  of  the  Scioto  River  water-  ^^P®^^°^- 
shed  is  limestone.  It  may  be  described  more  correctly  as  a  dolomite, 
or  a  mixture  of  lime  and  magnesium  carbonates,  combined  with  sul- 
phates and  chlorides  of  the  same  bases.  These  salts  make  the  water 
hard,  and  therefore  the  water-softening  process  is  one  of  the  most 
important  features  of  the   Columbus  water  purification  works. 

In  softening  the  water  "quick"  or  "fresh-burned"  lime  is  used 
to  remove  the  carbonates  and  magnesium  salts,  and  "soda  ash"  or 
"carbonate"  of  soda  to  remove  the  sulphates  and  chlorides.  Lime  has 
been  used  for  years  to  remove  carbonates  from  municipal  water  sup- 
plies, but  Columbus  is  the  first  city  to  undertake  to  remove  the 
sulphates  and  chlorides  by  soda  ash  on  a  scale  as  large  as  30  000  000 
gal.  in  24  hours.  Moreover,  the  presence  of  magnesium  makes  the 
problem  more  complicated  than  in  many  purification  works,  and  its 
removal  has  not  ordinarily  been  attempted  in  city  water-softening 
plants  heretofore. 

The  results  obtained  at  Columbus  demonstrate  that  the  mag- 
nesium, the  sulphates,  and  the  carbonates  can  be  removed  without 
difficulty  at  all  seasons  of  the  year,  provided  the  softening  chemicals 
are  applied  properly  and  the  operation  of  the  plant  is  watched  by 
trained  men. 

As  the  bed-rock  of  the  water-shed  is  dolomite,  the  ground-waters 
or  waters  which  work  into  the  river  during  dry  seasons  are  heavily 
charged  with  salts  which  make  the  water  hard.  In  wet  seasons  the 
conditions  are  reversed,  and  the  river  contains  large  volumes  of  soft 
surface  water,  carrying  mud  scoured  from  the  cultivated  fields,  bac- 
teria washed  from  sewers  and  barn  yards  or  fields,  and  vegetable 
coloring  matter  from  woods  and  swamps.  It  is  evident,  therefore, 
that  the  river  water  changes  in  character  markedly,  and  these  changes 
take  place  more  rapidly,  perhaps,  than  in  any  other  municipal  plant 
where  water  softening  combined  with  purification  is  conducted  on 
such  a  large  scale. 

These  conditions  arise  partly  from  the  fact  that  a  current  flows 
through  the  storage  reservoir  continuously,  and  so  rapidly  in  a  flood 
that  the  total  volume  may  be  displaced  two  or  three  times  in  24  hours. 
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Mr. 

Copeland. 


In  other  larg-e  cities  the  water  supplies  are  equipped  with  great  set- 
tUng  basins  which  store  the  raw  water  for  several  hours  or  even  days 
if  muddy,  and  equalize  the  fluctuations,  but  the  Columbus  plant 
must  take  whatever  is  flowing  in  the  river — hard  or  soft,  and  clear  or 
turbid  water. 

Through  the  courtesy  of  the  superintendents  of  the  plants  at  Cin- 
cinnati and  New  Orleans,  data  obtained  in  those  cities  during  1909, 
are  presented  in  Table  27  for  comparison  with  those  from  Columbus. 


TABLE  27. — Comparative  Data  at  Cincina'ati,  New   Orleans^  and 

Columbus. 

All   in  parts  per  million. 

Cincinnati— 1909. 


River  Water, 

Settled 

(Coagulated) 

Water. 

Filtered  Water. 

Max, 

Min. 

Avg. 

46.2 

28.2 

225 

9  300 

Max. 

Min. 

Avg. 

Max. 

Min, 

Avg. 

Total  alkalinity 

95 

79 

2000 

132  000 

21 

7 

15 

80 

78 

30 

51.1 

74 

72 

0 

800 

27 
8 
0 

0 

49 

Incrustants 

36  7 

Turbidity 

68 
11  500 

12 
10 

23 

475 

0 

Number  of  bacteria  per   cubic 
centimeter 

75 

New  Orleans— 1909. 


Total  alkalinity 

Incrustants 

Turbidity 

Number  of  bacteria  per   cubic 
centimeter 


180 

160 

2  500 

60 
10 
50 

95 

25 

600 

115 

29 

49 

84 

27 

250 

2 

38 

3 

0 

10  000 

500 

2  000 

1  100 

20 

200 

400 

2 

46 

33 

0 

26 


Columbus— October  1st,  1908,  to  September  31st,  1909. 


Total  alkalinity 

Incrustants 

Turbidity 

Number  of  bacteria  per   cubic 
centimeter 


250 

50 

162 

106 

23 

54 

98 

3 

287 

11 

108  [ 

118 

12 

51 

87 

11 

1500 

4 

76  1 

104 

0 

13 

4 

0 

125  000 

25 

7100  1 

1 

50  000 

0 

680 

5  850 

0 

43 

50 

0 

145 


Recognizing  the  fact  that  conditions  change  in  the  river  water 
through  a  wide  range,  the  designing  engineers  built  many  devices  at 
Columbus  for  making  the  application  of  chemicals  to  the  water 
elastic.  Even  so,  however,  experience  has  shown  that  the  adjustments 
in  the  regulating  apparatus  were  not  sufliciently  extensive  to  cope 
with  the  variations  in  composition  of  the  river  water.  In  addition 
to  this,  the  lime  varies  in  composition,  and  often  carries  from  10  to 
20%  of  "foreign"  matter,  consisting  of  "unburned"  rock,  cinders, 
bricks,  etc.  All  such  stuff  had  to  be  carried  away  in  buckets  at  first, 
as  the  drain  pipes  leading  from  the  slaking  and  solution  tanks  were 
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too  small,  but  since  they  have  been  replaced  by  3-  and  4-in.  drain  pipes      Mr. 
it  is  an  easy  matter  to  wash  them  out  to  the  river.  ^^^  *°  ' 

Fine-mesh  screens  of  large  area  have  also  been  placed  over  the 
outlet  pipes  leading  to  the  chemical  feed  regulators,  and  extra  stirring 
arms  have  been  attached  to  the  agitators  in  the  solution  tanks  in 
order  to   keep  the  suspended  matter   from  settling. 

Designing  engineers  Mall  do  well  to  note  that  wherever  sludge 
finds  a  chance  to  lodge,  as  in  elbows,  valves,  measuring  devices,  etc., 
sediment  accumulates,  rapidly  shutting  off  the  flow,  and  interfering 
with  the  application  of  chemicals.  Such  deposits  cause  frequent  and 
annoying  interruptions  of  the  lime  feed  at  Columbus,  requiring  a 
laborer  to  flush  them  out  at  frequent  intervals. 

The  soda  and  coagulant  solutions  do  not  carry  debris  in  such  large 
quantities  nor  of  the  same  character,  but,  as  these  chemicals  are 
sometimes  shipped  in  jute  or  burlap  sacks,  the  fine  hairs  rubbing 
from  the  cloth  form  mats  over  the  screens.  To  correct  these  condi- 
tions, removable  screens  have  been  installed  at  the  outlets  of  the  dis- 
solving tanks,  and  "constant  head"  boxes  in  front  of  the  orifices. 

In  addition  to  the  interruptions  of  flow  caused  by  these  "foreign" 
impurities,  the  lime,  soda,  and  sulphate  of  iron  solutions  form  cal- 
careous, crystalline,  and  scaly  deposits  which  choke  the  delivery  pipes 
in  a  short  time  unless  flushed  frequently  by  jets  of  water  under  pres- 
sure. For  example  the  8-in.  cast-iron  pipes,  which  deliver  a  niixture 
of  lime  liquor  and  raw  water  at  four  points  in  the  saturators,  become 
filled,  in  a  2-weeks  run,  with  granular  accretions  of  calcium  carbonate 
to  such  an  extent  that  one  could  not  run  a  2-in.  pipe  through  the 
opening  left.  The  bore  of  the  "lead-lined"  coagulant  pipe  in  the  gate- 
house is  reduced  by  flakes  of  iron  rust  from  3  in.  to  i  in.  in  many 
places.  This  pipe  is  laid  for  part  of  the  way  in  concrete  and  is 
submerged  in  water  during  the  ordinary  course  of  work,  thus  making 
these  accumulations  in  the  coagulant  lines  especially  serious,  because 
the  piping  is  inaccessible  for  cleaning. 

All  such  important  apparatus  should  be  placed  in  open  areas 
which  are  easy  of  access,  and  should  be  provided  with  plenty  of  flange 
unions  so  that  the  pipes  can  be  taken  apart  for  cleaning. 

The  coagulant  solutions  have  eaten  the  steel  pipes  wherever  the 
lead  lining  is  broken — as  at  joints  between  valves  and  fittings — and  it 
seems  as  though  it  would  be  advantageous  to  make  long  stretches  of 
coagulant  lines  of  cast  iron. 

Lime  solutions  are  not  corrosive  in  themselves,  but  the  suspended 
particles  carried  by  the  milk  of  lime,  flowing  through  the  "chemical 
feed  regulator,"  cuts  the  edges  of  the  orifice  plates,  screens,  and 
valve  seats.  The  soda  solution  attacks  concrete,  dissolving  out  the 
calcium  sulphate  and  leaving  the  sand  and  gravel,  which  makes  the 
walls  of  the  concrete  tanks  rough. 
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Mr.  The  acid  carried  by  the  sulphate   of  iron  and   alumina   solutions 

ope  an  .  ^^gg^jy^g  -j-j^g  carbonates  out  of  the  concrete  tanks,  eats  the  iron  pins 
out  of  the  valves,  and,  in  fact,  is  destructive  to  almost  all  metals 
except  lead,  though  brass  pipe  stands  well. 

After  passing  the  chemical  feed  regulator,  the  lime  liquor  mixes 
with  60%  of  raw  water  and  enters  the  saturators.  According  to  the 
original  design,  from  15  to  25%  of  raw  water  was  to  have  been  di- 
verted through  the  saturators  to  make  clear  saturated  lime-water  con- 
taining 60  grains  of  CaO  per  gallon.  Soon  after  starting  the  plant, 
however,  this  method  of  procedure  was  changed  because  the  lime 
liquor  rose  in  restricted  areas  and  the  effluent  from  the  saturators 
rarely  carried  more  than  45%  of  CaO. 

Finding  that  the  original  plan  was  not  efficient,  additional  pad- 
dles were  attached  to  the  rotary  stirring  shafts,  and  larger  volumes 
of  raw  water  were  forced  into  the  saturators.  By  this  procedure  more 
magnesium  is  precipitated,  because  larger  volumes  of  raw  water  come 
into  contact  with  the  lime  while  it  is  still  caustic — a  condition  which 
is  necessary  for  converting  the  soluble  bicarbonate  into  the  insoluble 
hydrate.  This  hydrate,  together  with  some  precipitated  carbonate 
of  lime,  forms  a  sediment  in  the  liquor  flowing  from  the  saturators. 
The  particles  of  suspended  matter  serve  as  nuclei  on  which  the  water- 
softening  precipitates,  which  develop  in  the  reaction  chambers,  may 
collect.  The  sludge  formed  by  the  precipitates,  together  with  the 
coagulated  mud,  collects  for  the  most  part  in  the  first  sections  of 
Settling  Basins  1  and  2.  This  deposit  has  a  soft  jelly-like  consist- 
ency, forming,  in  3  or  4  weeks,  a  mass  from  12  to  15  ft.  deep  near 
the  inlet  ends  of  the  eastern  compartments  of  Basins  1  and  2.  The 
depth  of  the  sludge  falls  off  rapidly  to  4  or  5  ft.  at  the  outlet  ends  of 
these  basins,  and  sediment  to  a  depth  of  only  about  3  or  4  ft.  collects 
in  the  other  basins  during  the  year.  When  a  basin  is  to  be  cleaned,, 
the  inlet  and  outlet  water-gates  are  closed,  and  the  valves  on  the 
drains  in  the  floor  of  the  basin  are  opened,  allowing  the  sludge  to 
escape  to  the  river.  Most  of  the  sludge  will  run  out  in  this  manner, 
and  what  remains  is  flushed  out  readily  with  a  2i-in.  fire  stream. 
By  using  hose,  six  men  clean  a  basin  in  from  3  to  4  hours. 

Attention  is  called  to  the  fact  that  the  settling  basins  remove 
most  of  the  chemical  precipitates,  mud,  and  bacteria.  In  fact,  it  is 
necessary  that  from  80  to  90%  of  such  materials  should  be  taken  out 
there  in  order  to  obtain  a  pure  clear  effluent  from  the  plant.  In  order 
to  secure  this  result,  provision  was  made  originally  for  applying 
coagulant  at  the  entrance  to  each  or  any  set  of  basins,  at  the  outlet  of 
the  last  basins,  and  in  the  settled-water  channel  on  the  way  to  the 
filters;  but  experience  has  shown  that  better  efficiency  is  obtained  by 
adding  most  of  the  coagulant  to  the  raw  water  as  it  enters  the  plant, 
and  a  small  additional  dose  to  the  settled  water  as  it  passes  to  the 
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filters.     There  are  two  reasons  for  this.     In  the  first  place,  by  adding      Mr. 
coagulant  to  the  raw  water  at  the  inlet  the  whole  body  of  water  be-    ^^^  ^^  ' 
comes  charged  and  is  in  such  a  condition  that  when  the  caustic  lime 
strikes  it  the  coagulant  precipitates  in  large  flocks. 

Unfortunately,  however,  certain  species  of  bacteria  grow,  at  some 
seasons,  in  the  sludge  deposited  in  the  mixing  chambers,  conduits, 
and  settling  basins.  Moreover,  the  water-softening  reactions  require 
several  hours  to  become  complete,  and,  as  the  precipitate  of  calcium 
carbonate  is  very  fine,  a  secondary  turbidity  sometimes  develops  in  the 
settling  basins. 

These  bacterial  growths  and  the  turbidity  resulting  from  the  water- 
softening  reactions  constitute  a  second  reason  for  adding  a  dose  of 
coagulant  at  the  outlet  of  the  settling  basins  to  form  a  mat  on  the 
surface  of  the  filters  for  removing  the  last  traces  of  suspended  matter 
and  bacteria.  When  the  sediment  is  coarse  and  heavy — for  instance, 
in  the  early  stages  of  a  flood — a  comparatively  small  amount  of 
coagulant  will  clarify  the  water,  but,  toward  the  end  of  the  flood, 
when  the  particles  of  sediment  become  fine  and  the  coloring  matter 
from  the  swamps  and  fields  increases,  coagulants  do  not  react  with 
their  usual  efficiency. 

It  becomes  necessary  at  such  times  to  add  a  slight  excess  of  lime 
so  that  the  effluent  from  the  mixing  tanks  shall  have  from  10  to  15 
parts  per  million  of  caustic  alkalinity.  Laboratory  experiments  indi- 
cate that  this  excess  of  caustic  is  required  to  replace  the  alkaline 
bicarbonate  of  lime  removed  by  the  water-softening  process  and  to 
coagulate  the  finely-divided  particles  of  suspended  matter  which  re- 
main. As  there  are  only  a  few  days  in  the  year  when  lime  is  not 
required  for  softening,  it  would  not  be  possible  to  cut  the  lime  out  for 
any  considerable  number  of  days  in  succession.  Therefore,  at  Co- 
lumbus it  is  not  possible  to  depend  on  the  bicarbonates,  which  are 
carried  naturally  in  the  water,  to  precipitate  the  coagulant.  The 
treated  water  always  carries  a  considerable  quantity  of  monocarbon- 
ate  of  lime,  but  this  alkaline  salt  does  not  seem  to  react  with  sulphate 
of  iron  or  alumina  in  the  same  manner  as  bicarbonate  or  caustic  lime. 

A  glance  at  the  tables  in  the  paper  will  show  that  large  quantities 
of  coagulant  were  used  occasionally.  These  applications  were  made 
in  order  to  remove  the  bacteria  which  grew  in  the  sludge,  and  as  the 
treatment  did  not  prove  to  be  wholly  satisfactory,  hypochlorite  of 
lime  is  being  used  at  present  to  increase  the  bacterial  efficiency  and 
for  the  purpose  of  economy. 

When  the  settled  water  applied  to  the  filters  has  a  turbidity  of 
less  than  25  parts  per  million  and  contains  a  little  coagulant,  the 
sand  beds  remove  the  suspended  matter  without  difficulty.  During 
the  early  part  of  1909,  however,  the  gravel  underdrains  were  deranged, 
and  the  sand  grains  became  coated  to  some  extent  with   deposits  of 
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Mr.      lime  and  iron,  making  it  necessary  to  coagulate  the  turbidity  in  the 
settled  water  with  extra  alum. 

From  August  to  December,  1908,  compressed  air  was  applied  to  the 
beds  of  sand  during  the  process  of  washing,  but  as  the  current  of 
wash-water  applied  seems  to  clean  the  beds  sufficiently,  the  treat- 
ment with  compressed  air  has  been  discontinued. 

The  designing  engineers  expected  that  the  filters  would  be  washed 
with  a  current  of  water  having  a  maximum  upward  velocity  of  10  in. 
per  min.  The  actual  rate  does  not  exceed  6  or  8  in.,  however,  and 
the  velocity  is  as  great  as  can  be  used  without  lifting  the  sand  into 
the  gutters.  It  is  possible,  also,  that  screens  would  have  to  be  placed 
over  the  under-drains,  or  deeper  layers  of  large-sized  stone  laid  on  top 
of  the  strainers  to  prevent  the  gravel  from  being  dislodged,  if  the 
current  of  wash-water  should  be  applied  at  a  higher  rate. 

The  writer  desires  to  add  a  word  of  praise  for  Mr.  Gregory  and 
the  engineers  who  assisted  him  in  designing  and  building  the  plant. 
They  had  very  little  knowledge  of  the  character  of  the  Scioto  River 
water  to  guide  them,  and  the  data  in  regard  to  the  best  method  of 
treatment  for  softening  the  water  were  gained  from  a  series  of  labora- 
tory tests  carried  out  with  small  volumes  of  water  for  a  period  of  only 
2  or  3  months. 

The  plant  has  handled  the  water  successfully,  the  typhoid  fever 
rate  has  been  reduced,  the  people  have  abandonded  their  cisterns,  and 
the  water  gives  general  satisfaction  for  boiler  purposes. 

On  account  of  the  "flashy"  character  of  the  river  water,  however, 
the  plant  requires  constant  watching,  and  for  that  reason  the  bills 
for  superintendence  and  labor  have  been  high. 

Mr.  W.  A.  SperrY;,  Esq."^  (by  letter). — It  may  not  be  amiss  to  mention 

the  problem  confronting  those  having  the  water  purification  works  in 
charge  in  finding  a  supply  of  lime  of  sufficient  purity  and  within  a 
distance  such  that  the  freight  charges  would  not  prohibit  its  use. 

Something  of  the  importance  of  this  problem  may  be  realized  when 
it  is  remembered  that  during  a  period  of  13  months  the  average  daily 
consumption  of  lime  was  9.2  tons;  the  average  total  hardness  of  the 
Scioto  River  for  the  same  period  was  270  parts  per  million,  60%  of 
which  required  lime  treatment;  the  magnesium  averaged  23.4  parts 
per  million,  and  required  an  extra  lime  treatment. 

Experience  gained  at  this  plant  has  shown  that  those  limes  which 
contain  less  than  1%  of  magnesium,  and  90%  or  more  of  calcium 
oxide  (CaO)  are  most  economical  and  give  the  most  efficient  and  re- 
liable results,  and  that  local  limes  are  sufficiently  high  in  silica, 
alumina,  iron,  and  especially  in  magnesium,  to  reduce  the  percentage 
of  available  calcium  oxide  to  less  than  80.  It  should  be  said,  fur- 
ther, that  it  has  rarely  been  possible  to  obtain  limes  delivered  at  the 

*  Asst.  Chemist,  Columbus  Water  Purification  Works. 


Sperry 
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plant  with  more  than  88%   of  available  calcium  oxide,  the  low  per-     Mr. 
centage  being  chargeable  to  weather  conditions,  distance  hauled,  and  ^P^^''^- 
the  much  more  rapid  loss  of  available  calcium  oxide  by  the  tine  par- 
ticles than  the  larger  sizes  in  a  body  crushed  lime,  there  being  a  loss 
of  from  2  to  5%  of  available  calcium  oxide  from  these  causes  during 
transit  from  the  point  of  shipment. 

Table  28  shows  the  average  analysis  of  the  limes  furnished  by 
different  companies,  representing  limes  from  Ohio,  West  Virginia, 
Maryland,  and  Pennsylvania. 

TABLE  28.— Analyses  of  Limes. 


Company. 

CaO. 

Total 
CaO. 

Total 
Mg. 

Matter  not 
water-soluble. 

A 

77.40/0 
79.40/0 
82. 50^ 
86.60/0 
87.90/0 
87.70/0 
88.00/^, 

59.420/0 
6O.820/0 

66!  12% 
66!  36% 

6.I80/0 
5.580/0 

6!  64% 
trace 

i!62o/o 

21.6% 

B 

18  50/0 

C 

D 

13.40/0 

E 

F 

G 

The  chief  source  of  loss  of  calcium  oxide  is  by  the  absorption  of 
carbonic  acid  gas  from  the  atmosphere,  that  is,  carbonation,  and 
seems  to  be  due  to  the  three  causes  just  mentioned.  One  of  the  speci- 
fications under  which  lime  is  furnished  to  the  plant  calls  for  a  lime 
crushed  to  a  size  not  greater  than  2i  in.  in  any  dimension.  It  is  re- 
ceived in  bulk  in  tight  box  cars  and  is  sacked  at  the  plant. 

Tables  29  and  30  are  of  interest  as  showing  the  relative  loss  of 
available  calcium  oxide  in  the  various  sizes  of  this  crushed  lime  when 
separated  by  standard-mesh  sieves.  In  each  case  cited  in  the  tables 
about  100-lb.  of  the  lime  representing  the  "run  of  the  car"  was  sepa- 
rated by  sieves  of  ^q-  to  1-in.  mesh,  each  size  thus  separated  being 
weighed  and  sampled  for  chemical  analysis. 

TABLE  29. 


Car  No.  1. 


Car  No.  2. 


r  Lime  retained  by  1-in.  mesh 6.90(, 

I       "      passinj<  1-in.  mesh,  retained  by   ^-va.  mesh  ...  33.80{) 

J       ^'            "        i-in.      "              ''           "    fin       "      ....  19. 2o.^ 

1       "            "        1-in.      '•              "           '•    ^in.      "      ....  14.3% 

I       "            "        i-in.      ''             "          "^"1.      "      ■•••  7.30/0 

[       "  "      iVri".      "       18-5% 

Analysis  of  average  sample 

Lime  retained  by  1-in.  mesh 7.30o 

"     passing  lin.  mesh,  retained  by  5  in.  me^h 37. 80,0 

1-in       "  "  "   i-in.      '•     I8.IO/0 

i-in.      "  ''  '•   ^in.      "     10.80() 

i-in.      "  '^  ",'e-in.      "     5. 40/0 

yVi-in.      ''        20.6% 

Analysis  of  average  sample 


86.20/0    CaO 

85.60o 

84.10^ 

85.10.5 

82.505 

82.505 

85.20/5 

85.20.5  CaO 

8O.705  " 

80. 905  '' 
80.30y 

79.60/0  •' 
72.20/5  " 
79.60/0       " 


Mr. 

Sperry. 
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TABLE  30. 

Car  No.  2. 


Percentage  of  available  calcium  oxide,  in  cars  as  received 

Percentage  of  available  calciuili  oxide,  in  cars  at  lime  of  making 

mechanical  analysis 

Number  of  days  elapsing  between  the  receipt  of  the  lime  and  the 

mechanical  analysis 

Loss  of  available  calcium  oxide  from  standing 

Variation  shown  between  lime  obtained  by  a  1-in.  mesh   sieve 

and  that  passing  a  ye-in.  mesh  sieve 


85.5% 

79.80/0 

16 
5.70/0 

13.0% 


With  respect  to  the  relative  extent  of  loss  of  CaO  due  to  the  ab- 
sorption of  CO2  and  hydration  of  lime  in  storage,  the  curves  in  Fig. 
18  are  of  interest.  They  are  the  results  of  a  series  of  laboratory  ex- 
periments extending  over  a  period  of  a  month  or  more.  A  number 
of  1-gramme  samples  of  lime,  ground  to  pass  a  100-mesh  sieve,  were 
exposed  to  the  action  of  the  atmosphere  in  the  lime  storehouse  in  a 
box  covered  with  a  cloth  in  such  a  way  as  to  give  free  access  of  air 
but  to  protect  them  from  dust,  etc.  One  of  these  samples  was  an- 
alyzed each  day,  note  being  taken  of  all  atmospheric  conditions  as 
shown.  Attention  is  called  to  the  marked  similarity  of  the  lime 
curves  after  the  seventh  day. 


August  September 

Day   20     21    22    23    2i     25    2G    27     28    29    30     31     1       2      3      i      5 
Sample  No.l       2      3     4      5      6      7       8      9     10    11     12    13     11    l.-j     l(j    17 

Fig.  18. 


C   7   8   9  10  11  12  13  11 

18  ly  2U  21  22  23  21  25  20 


At  the  end  of  26  days  a  series  of  chemical  analyses  was  made  on 
the  samples  remaining  to  determine  as  nearly  as  possible  the  charac- 
ter of  the  changes  that  had  taken  place.     It  was  found: 

That  the  total  loss  of  available  calcium  oxide  amounted  to 
about  19%; 

That  direct  determinations  as  to  the  extent  of  the  carbonation  by 
widely  differing  methods  accounted  for  all  but  from  1  to  2%  of  this 
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loss,  and,  therefore,  indicate  that  the  loss  of  available  caleinm  oxide     Mr. 
is  largely  due  to  carbonation;  perry. 

That  the  hygroscopic  moisture,  as  determined  by  the  drying  test, 
amounted  to  from  1.5  to  2.0% ; 

That,  after  a  time,  the  loss  of  available  calcium  oxide  ceases,  the 
lime  remaining  of  the  same  strength,  with  slight  fluctuations,  pro- 
tected by  an  outer  coating  of  hydra  ted  and  carbonated  material; 

That  the  hydration  that  may  take  place  does  not  seem  to  destroy 
the  value  of  the  lime  as  a  water-softening  agent;  and 

That  the  lime  as  shipped  carries  about  1%  of  unburned  stone  and 
about  3%  of  calcium  in  a  form  other  than  calcium  oxide. 

J.  W.  Sale,  Esq.*  (by  letter). — The  Columbus  water  purification  Mr. 
plant  started  operation  in  September,  1908.  Some  months  later  the  ^' 
city  meter  inspectors  noticed  that  a  number  of  meters  were  not  regis- 
tering the  flow  of  water  correctly.  On  examination  the  meters  were 
found  to  be  clogged  with  a  slimy  white  deposit  which  interfered 
with  the  rotation  of  the  discs.  Later,  the  trouble  subsided  to  some 
extent,  but  seemed  to  be  of  sufficient  importance  to  warrant  a  special 
investigation. 

During  the  summer  of  1909  a  series  of  studies  was  made  for  the 
purpose  of  discovering  the  extent  and  nature  of  the  action  of  the 
water  on  metals.  At  the  same  time,  several  proposed  remedies  were 
tested.  A  brief  explanation  of  the  water-softening  process  in  use  at 
the  plant  may  help  to  a  clearer  understanding  of  the  experiments 
which  follow. 

The  chemicals  used  in  the  softening  and  purification  of  the  Scioto 
River  water  at  Columbus  are  lime,  soda  ash,  and  sulphate  of  alumina 
or  sulphate  of  iron.  The  purpose  of  the  lime  is  to  absorb  the  excess  of 
carbonic  acid  gas  which  holds  the  carbonates  of  lime  and  magnesium 
in  solution  in  the  river  water  and  at  the  same  time  to  remove  free 
carbonic  acid  gas,  if  present.  When  the  reaction  takes  place  the 
newly  formed  carbonate  of  lime,  together  with  the  carbonate  of  lime 
liberated  by  the  removal  of  the  carbonic  acid  gas,  is  largely  precipi- 
tated. It  is  necessary  to  make  a  further  addition  of  lime  to  convert 
the  magnesium  (now  in  the  form  of  a  normal  carbonate,  which  is  a 
more  soluble  salt  than  the  corresponding  carbonate  of  lime)  to  the 
insoluble  hydrate.  Although,  for  most  purposes,  the  carbonates  of 
lime  and  magnesia  may  be  considered  insoluble,  yet  in  the  excessively 
dilute  condition  which  is  maintained  in  a  water-softening  plant  they 
are  soluble  to  the  extent  of  about  40  parts  per  million. 

The  soda  ash  is  added  to  precipitate  the  other  soluble  salts  of  lime 
and  magnesia,  namely,  the  sulphates,  chlorides,  and  nitrates  of  these 
metals,   as   normal   carbonates   of  lime   and   magnesia.      At  the  same 

*  Asst.  Chemist,  Columbus  Water  Purification  Works. 
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Mr.  time  there  are  formed,  and  remain  in  the  water,  sodium  sulphate, 
chloride,  and  nitrate,  but  the  presence  of  these  salts  is  not  objection- 
able. 

The  general  method  of  procedure  in  the  experimental  work  was  to 
expose  metals  of  known  weight  and  surface  area  to  the  action  of 
chemically  treated  water  of  known  composition  for  definite  lengths 
of  time.     In  this  way  quantitative  results  were  secured. 

The  metals  chosen  were  lead,  zinc,  galvanized  iron,  and  black  iron. 
Zinc  pipes  are  not  used,  but  a  zinc  coating  on  a  black-iron  pipe  is  in 
common  usage.  Other  than  this,  the  metals  selected  are  those  used 
for  water  pipes. 

It  was  learned  quickly  that  sheet  lead  is  unaffected,  beyond  tar- 
nishing and  a  slight  gain  in  weight  due  to  surface  oxidation.  After 
the  film  of  oxide  covered  the  surface,  there  was  either  no  increase  in 
weight  or  the  rate  of  increase  was  greatly  diminished.  Lead,  there- 
fore, was  not  included  in  all  the  experiments. 

In  order  to  learn  something  of  the  rate  of  deposition  and  to  secure 
sufficient  deposit  for  analysis  the  following  experiment  was  made: 
Two  glass  cells  were  set  up,  each  having  a  capacity  of  11  liters. 
These  were  filled,  respectively,  with  zinc  and  galvanized-iron  plates 
separated  by  rubber  stoppers.  Water  having  the  average  composition 
shown  in  Table  31,  taken  from  analyses  made  every  8  hours,  was  then 
passed  into  the  bottom  of  the  cells  and  carried  oif  the  surface  by  a 
suction   arrangement. 

TABLE  31.— Average  Composition  of  the  Water^  in  Parts  per 

Million. 


Total  alkalinity. . 
Phenol  alkalinity 
Caustic  alkalinity 
Incrustants 


Total  hardness I  111 

Turbidity 0 

Color 3 

Magnesium I  15 


Table  32  shows  the  details  of  the  experiment. 

TABLE  32. 


Jletais  used. 

Extent  of  sur- 
face of  metals 
exposed. 

Time  of  expos- 
ure to  action 
of  water. 

Quantity  of 

water  passed 

over  plates. 

Amount  of 

deposit 
recovered. 

Zinc 

5  000  sq.  cm. 
5  QUO 

2  weeks 

2      " 

1  000  gal. 
1 000     '' 

4.11  grams. 

Galvanized  iron 

4.06 

It  will  be  noticed  from  the  analyses  in  Table  33  that  the  deposits 
recovered  from  the  zinc  plates  are  similar  in  composition  to  those 
from  the  galvanized-iron  plates,  with  one  exception,  the  deposit  on 
the  galvanized  iron  containing  a  trace  of  iron,  is  absent  in  the  zinc 
plate  deposits. 
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The  analysis  of  the  deposit  recovered  is  given  in  Table  33. 

TABLE  33. 


Mr. 
Sale. 


Zinc  plates. 

Galvanized-iron  plates. 

Zinc 

42.58% 

2.14 
trace 
none 
trace 
48.02 

5.80 

41.300/0 
1.63 

Magnesium 

Calcium 

trace 

Iron 

trace 

Sodium 

trace 

CO3  radical 

47.72 

SO4  radical 

8.10 

98.54 

98.72 

It  appeared  that  the  normal  carbonates  in  the  water  might  be  re- 
sponsible for  the  action,  as  the  chief'  constituent  in  the  deposits  was 
zinc  carbonate.  If  such  were  the  case,  distilled  water  having  normal 
carbonates  in  solution  should  give  deposits  on  metals.  To  test  this 
a  50-gal.  barrel  was  steamed  out  and  fitted  with  a  stirring  device, 
which  was  attached  to  a  small  motor.  The  barrel  was  filled  with  dis- 
tilled water,  treated  with  an  excess  of  freshly  precipitated  calcium 
carbonate,  which  was  carried  into  solution  by  the  carbonic  acid  gas 
present.  The  calculated  quantity  of  lime-water  was  then  added,  giv- 
ing a  water  with  20  parts  of  normal  carbonate  of  lime.  After  settling, 
the  clear  water  was  siphoned  through  two  500-cu.  cm.  bottles  con- 
taining, respectively,  zinc  and  galvanized-iron  plates,  each  having  a 
surface  of  75   sq.   cm. 

The  bottles  were  fitted  with  two-holed  rubber  stoppers,  the  water 
passing  to  the  bottom  of  the  bottle  and  out  through  a  bent  glass  tube 
with  one  arm  longer  than  the  other.  The  rate  of  outflow  was  con- 
trolled by  a  pinch-cock,  and  amounted  to  1  gal.  per  hour  per  bottle. 
This  apparatus  was  used  in  many  of  the  succeeding  experiments. 

Deposits  appeared  on  the  surface  of  each  metal,  and  a  relatively 
large  amount  was  deposited  in  the  bottoms  of  the  bottles. 

In  this  experiment,  as  well  as  in  succeeding  ones  of  this  type,  the 
metals  were  weighed  before  and  after  exposure  to  the  action  of  the 
water.  The  character  of  the  deposit  was  such,  however,  that  more 
light  was  thrown  on  the  relative  amount  by  observation  while  the 
bottles  were  filled  with  water.  After  removing  the  metals  and  filter- 
ing the  deposits  in  the  bottom  of  the  bottles,  the  total  deposition  on  a 
given  metal  plate  was  seldom  more  than  0.01  gramme,  and  usually 
varied  from  0.001  to  0.005  gramme. 

The  same  procedure  was  observed  with  distilled  water  treated 
with  normal  carbonate  of  magnesium.  To  obtain  a  saturated  solution 
of  magnesium  carbonate,  it  was  necessary  to  treat  the  distilled  water 
with   an   excess   of   finely  pulverized   magnesium   carbonate,   pass   car- 
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Mr.  bonic  acid  gas  into  the  water  during  agitation,  and  finally  boil  the 
water.  Water  (50  gal.)  treated  thus  with  magnesium  carbonate  was 
boiled  for  J  hour  in  liter  fi.asks,  and  the  resulting  water,  containing 
30  parts  per  million  of  normal  carbonate  of  magnesium,  was  passed 
over  metals.  Deposits  appeared  both  on  the  metals  and  in  the  bottles, 
but  not  in  as  large  quantities  as  in  the  case  of  the  water  treated  with 
lime  carbonate. 

To  discover  whether  dissolved  oxygen  might  not  contribute  to  the 
bad  result,  an  experiment  was  made  as  follows :  Two  carboys,  filled 
with  25  gal.  of  distilled  water,  were  connected  in  circuit,  and  air, 
previously  freed  from  carbonic  acid  gas,  was  bubbled  through  the 
water  for  24  hours.  At  the  end  of  this  period,  the  aerated  carbon- 
dioxide-free  water  was  passed  over  zinc  and  galvanized-iron  plates  as 
usual.  The  surfaces  of  both  metals  were  covered  with  deposit  and 
the  bottoms  of  the  bottles  contained  sediment. 

The  zinc  plates,  weighing  30.6754  mg.,  increased  6  mg.  in  weight, 
while  the  galvanized-iron  plates,  weighing  27.9458  mg.,  increased 
3.2  mg. 

The  increase  in  weight  may  be  accounted  for  by  a  combination 
of  the  metal  with  the  oxygen  carried  into  the  water  in  the  form  of 
air,  and  with  normal  carbonates  which  remained  dissolved  in  the  wa- 
ter after  the  lime  and  soda  treatment. 

At  this  point  the  action  on  metals  of  a  softened  water  containing 
varying  amounts  of  caustic  was  taken  up,  50  gal.  of  raw  river  water 
being  treated  with  an  amount  of  lime  and  soda  calculated  from  the 
analyses  to  give  a  water  comparable  to  the  filtered  water  leaving  the 
plant  at  that  time,  the  difference  being  in  the  amount  of  caustic 
present  in  the  specially  prepared  water.  Three  experiments  were  made, 
the  caustic  present  being,  respectively,  about  5,  15,  and  20  parts  per 
million,  calculated  as  carbonate  of  lime.  The  same  procedure  was 
observed  in  each  experiment,  as  follows :  The  quantity  of  raw  water 
treated  was  50  gal.,  and  60%  of  this  was  treated  with  lime 
cream  of  a  known  strength,  in  amount  sufficient  to  give  the  caustic 
desired  in  100%  of  the  water.  After  agitation  for  1  hour  in  the  barrel, 
the  remaining  40%  of  raw  water  was  added,  followed  by  agitation  for 
15  min.  Sodium  carbonate  in  solution  was  then  introduced  into  the 
water  followed  by  thorough  mixing  for  an  hour.  After  complete  clari- 
fication by  settling,  the  water  was  siphoned  over  lead,  zinc,  galvanized- 
iron,  and  black-iron  plates,  as  usual.  Side  by  side,  a  duplicate  ap- 
paratus was  set  up  and  tap  water  was  passed  over  similar  plates  for 
the  same  length  of  time,  and  in  eqiud  amounts.  At  the  end  of  the 
experiment  the  metal  plates  were  removed,  dried  carefully,  and  ex- 
amined for  relative  amounts  of  deposit.  The  weights  of  the  metals 
were  taken  before  and  after  exposure  to  the  water.  The  analyses  of  the 
water  are  given   in  Table  34. 
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TABLE  34. 


Mr. 

Sale. 


Experiment  No. 


|-       I  City  water 

(Specially  prepared  water 

jj      (  City  water 

'  •  "i  Specially  prepared  water. 

jjy    (  City  water 

]  Specially  prepared  water. 


Total 
alkalinity. 


40 
37 

36 
43 

35 

42 


Phenol 
alkalinity. 


14 
21 

17 
29 

m 

3(j 


Caustic 
alkalinity. 


0 
5 

0 
15 

0 

18 


The  lead  plates  in  all  cases  increased  slightly  in  weight,  namely, 
0.5  to  2.0  mg.,  on  plates  weighing  about  15  grammes,  but  no  trace  of 
deposit  was  formed. 

The  zinc  plates  had  a  larger  increase  in  weight  when  city  water 
was  used,  the  difference  amounting  to  about  1  mg.  on  deposits  weigh- 
ing from  2  to  3  mg. 

The  galvanized-iron  plates  lost  weight,  the  loss  being  smaller  with 
the  use  of  city  water.  This  difference  varied  from  0.0  to  2.0  mg.  on 
total  losses  of  0.8  to  4.0  mg. 

The  black-iron  plates  increased  in  weight  from  1.5  to  6.5  mg.  with 
city  water,  and  lost  1.0  mg.  in  weight  with  the  water  containing 
caustic. 

The  inference  from  these  experiments  is  that  water  containing 
caustic,  in  the  amounts  used  in  the  experiments,  does  not  contribute 
to  a  larger  deposit  than  when  no  caustic  is  present. 

An  experiment  was  next  made  to  discover  whether  the  sodium 
carbonate  treatment  affected  the  deposit  appreciably.  A  quantity  of 
river  water  (50  gal.)  was  treated  with  lime  cream,  thoroughly  agitated 
and  settled,  and  the  clear  water  was  siphoned  over  weighed  metals. 
At  the  same  time  city  water,  softened  by  both  lime  and  soda,  was  run 
in  duplicate  apparatus,  the  conditions  being  kept  similar  in  every 
way.     The  analyses  are  given  in  Table  35. 

TABLE  35. 


Chemical 
added. 

Total 
alkalinity. 

Phenol 
alkalinity. 

Caustic 
alkalinity. 

River  water 

None 

Lime  and  soda 

Lime  only. 

173 
41 

27 

0 
13 
11 

0 

City  water 

0 

Specially  prepared  water 

0 

With  the  exception  of  the  lead,  deposits  appeared  on  the  metals 
and  in  the  bottles,  quite  the  same  in  the  case  of  the  water  softened 
by  lime  and  soda  as  in  the  water  softened  by  lime  only. 


Mr. 

Sale, 
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As  the  deposit  obtained  in  the  first  experiment  contained  a  large 
amount  of  carbonate,  it  was  thought  that  any  treatment  of  the  water 
which  would  reduce  the  normal  carbonates  would  effect  good  results. 
A  powder,  which  proved  to  be  sodium  bicarbonate,  called  "American 
Carbonating  Powder,"  was  made  the  basis  of  many  experiments,  and 
sodium  bicarbonate,  likewise,  was  carried  through  similar  tests.  Pre- 
liminary experiments  were  made  to  see  if  the  normal  carbonates  in 
the  water  were  reduced  by  the  use  of  these  two  chemicals,  through 
liberation  of  carbonic  acid  gas.  A  typical  experiment  using  each 
chemical  is  given  here.     This  is  corroborated  by  many  others. 

The  conditions  of  the  experiment  were  as  follows :  Nine  i-gal. 
bottles  were  filled  with  3  liters  of  river  water.  Each  bottle  was  then 
treated  with  a  saturated  solution  of  lime-water  at  the  rate  of  4| 
grains  of  calcium  oxide  per  gallon.  The  bottles  were  then  shaken  for 
an  hour,  and  then  the  soda,  in  soluble  form,  was  added.  The  shaking- 
was  then  repeated  for  an  hour.  After  24  hours  standing,  the  super- 
natant liquid  was  siphoned  through  filters  and  analyzed.  Erythrosine 
was  used  as  an  indicator  in  securing  the  total  alkalinities.  The  de- 
tails are  given  in  Table  36. 

TABLE  36. — Reduction  of  Normal  Carbonates, 
IN  Parts  per  Million. 


No.  of  sample. 


River  water. 

1 

2 

3 

4 

5 

6 

7 

8 

9 


11 

"American 
Carbonating 

Powder,'' 

n  grains  per 

gallon. 

odium  bicar- 
bonate, 

a  grains  per 
gallon. 

Total 
alkalinity. 

11 

c8 

c8 

w 

II 

o 

CO            -H 

0 

0 

0 

140 

0 

0 

0 

m 

0 

0 

50 

23 

0 

46 

m 

1 

0 

48 

15 

0 

30 

m 

2 

0 

56 

15 

0 

30 

m 

3 

0 

61 

13 

0 

26 

m 

4 

0 

70 

14 

0 

28 

4% 

0 

1 

49 

15 

0 

30 

4% 

0 

2 

57 

15 

0 

30 

4% 

0 

3 

62 

14 

0 

28 

m 

0 

4 

67 

12 

0 

24 

20 


It  will  be  noticed  from  Table  36,  that  there  is  a  reduction  in  normal 
carbonates,  and  to  practically  the  same  extent  with  both  the  use  of 
the  "American  Carbonating  Powder"   and  the  sodium  bicarbonate. 

To  discover  whether  this  reduction  in  normal  carbonates  might 
affect  deposits  on  metals,  many  experiments  were  made  of  which  the 
following  is  an  example.  The  conditions  of  the  experiment  were  as 
follows:  A  quantity  of  river  water  (50  gal.)  was  treated  with  lime 
cream  of  known  strength,  and  agitated  in  the  barrel  by  the  stirring 
device  for  1  hour.     Sodium  bicarbonate  in  solution  was  then   added 
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in  amount  sufficient  to  give  a  water  with  a  total  hardness  of  about  Mr. 
100  parts  per  million  calculated  to  carbonate  of  lime.  This  was  fol- 
lowed by  agitation  for  an  hour,  and,  after  settling  for  24  hours,  the 
clear  water  was  siphoned  over  weighed  metals  as  usual.  At  the  same 
time  a  duplicate  experiment  was  run,  using  tap  water.  The  analyses 
are  given  in  Table  37. 

TABLE  37. 


Kind  of  water. 

O  0) 
O   !h 

B 
I:   *f^' 

~  cS  bi 

5.9 
6.25 

ni!  CO  c 

ce  ce-s 

Z 

0.2 
0 

TJ  a  o 

CT  ;^   CC 

O  bf  ^ 

0 
2.3 

Total 

alkalinity,  in 

parts  per 

million. 

Phenol 

alkalinity,  in 

parts  per 

million 

Normal 
carbonates, 
in  parts  per 

million. 

Incrvistants, 

in  parts 
per  million. 

ft— 

City  water 

50 
50 

41 
67 

14 
3 

28 
6 

54 
56 

12  9 

Specially  treated  water. 

16.3 

The  weights  of  the  deposits  formed  are  given  in  Table  38. 

TABLE  38. 


City  water 

Specially  treated  water. . 


Lead 

(no  deposit) 

increase  in 

weight,  in 

milligrammes. 


0.4 
2.6 


Zinc,  in 
milligrammes. 


4.4 


Black  iron, 

in 

milligrammes. 


9.0 
10.4 


Galvanized 

iron,  in 

milligrammes. 


8.4 
3.2 


The  lead  in  both  cases  increased  somewhat  in  weight,  but  no  de- 
posit formed.  The  appearance  of  the  deposits  indicated  a  greater 
difference  than  the  weights  show,  as  the  deposits  are  fluffy  and  oc- 
cupy considerable  space.  As  previously  mentioned,  the  relative 
amounts  can  be  judged  closely  by  observation.  The  water  treated 
with  sodium  bicarbonate  is  a  more  favorable  water  to  use,  as  far  as 
deposits  on  metal  are  concerned,  but  sufficient  carbonic  acid  gas  is 
not  liberated  to  prevent  deposition,  even  when  so  small  a  quantity 
of  water  as  50  gal.  is  used. 

As  sodium  carbonate  had  proved  inefficient  in  preventing  deposi- 
tion on  metals,  the  well-known  method  of  carbonating  the  filtered 
water  was  next  tried.  The  apparatus  set  up  for  treating  the  water 
with  carbonic  acid  gas  was  as  follows:  A  hard  glass  tube,  of  300  cu. 
cm.  capacity,  graduated  in  cubic  centimeters,  was  fastened  in  an  up- 
right position.  A  two-holed  rubber  stopper  was  fitted  to  the  lower 
end,  one  hole  serving  as  the  inlet  for  carbonic  acid  gas  generated  in 
a  Kipp  apparatus,  the  other  attached  by  rubber  tubing  to  a  Mariotte 
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bottle  filled  with  water  saturated  with  carboni'c  acid  gas.  The  top 
of  the  tube  was  fitted  with  a  one-holed  stopper  from  which  a  bent 
glass  tube  led  outward  and  down  about  10  cm.  To  this  arm  a  10-cu. 
cm.  pipette  was  connected  by  a  short  piece  of  rubber  tubing.  The 
pressure  was  controlled  by  the  movable  bottle,  as  in  the  case  of  an 
Orsat  apparatus,  and  the  flow  of  carbonic  acid  gas  by  pinch-cocks. 
A  gallon  bottle,  filled  with  city  water,  was  placed  over  the  outflow, 
the  pipette  reaching  to  the  bottom  of  the  bottle.  The  top  of  the  bottle 
was  partly  closed  by  close-fitting  cardboard.  The  water  was  now  car- 
bonated very  slowly,  at  the  rate  of  about  10  bubbles  per  minute. 
When  the  desired  amount  of  gas  had  passed  into  the  water,  the  bottle 
of  carbonated  water  was  carefully  removed,  closed  with  a  tight-fitting 
rubber  stopper,  and  shaken  for  5  min.  At  the  end  of  that  time  it  was 
transferred  to  a  carboy  and  the  proceeding  was  repeated.  Two  car- 
boys, holding  25  gal.,  were  filled  for  each  experiment.  Varying 
amounts  of  carbonic  acid  gas  were  passed  into  the  water  in  the  dif- 
ferent experiments,  the  desire  being  to  find  the  least  amount  of  gas 
that  would  prevent  deposition  on  metals.  After  the  carboys  were 
filled,  the  water  was  siphoned  over  plates  of  zinc  and  galvanized  iron, 
as  usual,  at  the  rate  of  1  gal.  per  hour  for  each  kind  of  metal  used. 
The  results  of  the  experiment  are  shown  in  Table  39. 

TABLE   39. — Action   of   Carbonated  Filtered   Water  on   Zinc  and 

GaIvVanized  Iron. 


Liters 

of 

water 

treated. 

CO 2  added 

per  liter, 

in  cubic 

centimeters. 

Free  COa 
in  treated 

water, 

in  parts  per 

million. 

Loss  in 
weight  of 

zinc,  in 
milli- 
grammes. 

Loss  in 
weight  of 
galvanized 

iron,  in 
milli- 
grammes. 

Deposit 

on 
metals. 

Deposit 

in 
bottles. 

100 
100 

m) 

100 
100 

100 

33 

20 

13 

8 

63 
19 
14 
10 

3 

58 

14 

17 
5.6 
0.0 

56 

15 

17 
2.4 
3.4 

None. 
Slight. 

None. 

(I 

Slight. 
Large. 

It  will  be  noticed  from  Table  39  that  two  figures  may  be  chosen 
from  the  amount  of  carbonic  acid  gas  to  be  passed  into  the  water. 
Water  carbonated  at  the  rate  of  20  cu.  cm.  of  carbonic  acid  gas  per 
liter  will  leave  no  deposit  on  metals;  but  the  gas  used  in  this  quantity 
attacks  the  metals  appreciably.  Carbonic  acid  gas  added  at  the  rate 
of  13  cu.  cm.  per  liter,  on  the  other  hand,  leaves  a  very  slight  deposit, 
but  the  loss  in  weight  of  the  metal  is  very  much  lower.  Carbonic 
acid  gas  at  the  rate  of  20  cu.  cm.  per  liter  would  be  about  325  lb.  per 
million  gallons.  Pressure  and  temperature  corrections  were  not  made, 
as  these  experiments  are  roughly  quantitative  only. 

The  results  of  this  study  may  be  summarized  as  follows: 
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First. — It    is    established    that    water    softened   by    lime    and   soda   Mr. 
and  coagulated  by  alum  or   iron  will  appreciably   attack  zinc,  black  ' 
iron,  and  galvanized  iron,  and  form  heavy  deposits. 

Second. — In  the  case  of  zinc  and  galvanized  iron,  the  deposits  are 
similar  in  composition,  and  consist  of  about  90%  of  normal  or  basic 
carbonate  of  zinc. 

Third. — Other  salts  present  in  the  water  in  large  quantities,  such 
as  carbonate  of  lime  and  magnesium,  and  sodium  sulijhate,  are  also 
present  in  the  deposits  to  an  appreciable  extent,  and  are  probably 
carried  down  by  mechanical  action. 

Fourth. — Lead  is  practically  unaffected,  undergoing  surface  oxi- 
dation only,  but  receiving  no  deposit. 

Fifth. — Black-iron  pipe  is  heavily  oxidized,  copious  deposits  of 
iron  oxide  being  formed  and  settling  out  to  form  a  heavy  sludge. 

Sixth. — The  dissolved  oxygen  in  the  water  appears  to  have  a  cor- 
rosive action  on  the  metals,  which  is  aided  by  a  carbonation,  secured, 
first,  either  from  the  carbonic  acid  gas  in  the  air,  which  is  sufficient 
to  form  a  normal  or  basic  carbonate,  but  not  sufficient  to  carry  the 
deposit  back  into  solution  as  bicarbonate;  or,  second,  from  the  normal 
carbonates  present  in  the  filtered  water,  which  are  precipitated  out 
as  insoluble  carbonate  of  zinc.  No  reduction  in  normal  carbonates 
in  the  water  that  had  passed  over  the  metals  could  be  detected,  but 
so  small  a  quantity  as  was  taken  for  titration,  namely,  100  cu.  cm., 
would  not  bring  out  the  difference. 

Seventh. — A  distilled  water  containing  normal  carbonate  of  lime 
forms  deposits,  indicating  that  this  salt  is  a  factor  in  the  formation 
of  deposits. 

Eighth. — The  same  is  true  of  carbonate  of  magnesium,  to  a  less 
extent. 

Ninth. — The  presence  of  considerable  amounts  of  sodium  sulphate 
in  the  water  does  not  appreciably  affect  the  deposits. 

Tenth. — Water  containing  considerable  amounts  of  caustic  favor 
the  reduction  of  deposits. 

Eleventh. — Sodium  bicarbonate  used  as  a  chemical  for  the  reduc- 
tion of  incrustants  in  water,  that  is,  chlorides,  sulphates,  and  nitrates 
of  lime  and  magnesium,  is  no  more  nor  less  efficient  than  the  normal 
carbonate  of  soda.  Used  as  a  chemical  for  the  reduction  of  normal 
carbonates  by  the  liberation  of  carbonic  acid  gas,  it  is  efficient  to  the 
extent  of  about  20  parts  per  million.  Used  as  a  chemical  for  the 
prevention  of  deposits  in  pipes,  it  is  unsatisfactory,  reducing  the 
deposits  appreciably,  but  not  eliminating  them. 

Twelfth. — Carbonation  of  the  water  is  an  efficient  means  of  pre- 
venting the  formation  of  deposits,  but  when  used  in  sufficient  amount 
the  metals  are  attacked  to  an  appreciable  extent  by  the  presence  of 
free  carbonic  acid  gas  in  the  water. 
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Mr.  c.  p.  C.  P.  Hoover,  Esq.*  (by  letter). — In  reference  to  Mr.  Gregory's 
^^^^^-  statement  regarding  the  removal  of  bacteria,  it  might  be  of  interest 
to  state  briefly  some  of  the  factors  that  influence  bacterial  removal  at 
the  Columbus  Water  Purification  Works. 

Bacterial  removal  at  these  works  was  governed  in  1909  by,  (a)  the 
amounts  of  calcium  and  magnesium  salts  precipitated  from  the  water; 
(b)  the  amount  of  coagulant  added  to  the  water;  (c)  the  addition  of 
calcium  hypochlorite;  and  (d)  the  method  of  operating  the  filters. 

Removal  of  Bacteria  by  Water-Softening  Precipitation. — When 
the  river  water  is  very  hard  high  bacterial  efficiency  is  obtained  by 
adding  very  little,  or  no  coagulant.  The  precipitate  of  magnesium 
hydrate  is  gelatinous,  and  shows  about  the  same  degree  of  efficiency 
for  the  removal  of  bacteria,  as  the  hydrate  precipitates  of  iron  and 
alumina.  The  precipitated  carbonates  are  pulverulent,  and  are  not  as 
effective  in  the  removal  of  bacteria.  During  January  and  the  first 
thirteen  days  of  February,  dependence  was  placed  entirely  on  the 
water-softening  precipitation  for  the  removal  of  bacteria.  The 
effectiveness  of  this  treatment  is  shown  by  Table  40,  which  gives  the 
average  amounts  of  magnesium  hydrate  and  calcium  carbonate  pre- 
cipitated from  the  river  water,  and  shows  the  average  bacterial  counts 
in  the  river,  settled,  and  filtered  water,  expressed  in  nuriabers  per  cubic 
centimeter.     The  bacterial  removal  was  99  per  cent. 

TABLE  40. 


Magnesium  hydrate 

Calcium  carbonate 

precipitated,  in 
parts  per  million. 

Bacteria  per  Cubic  Centimeter. 

precipitated,  in 
parts  per  ruillion. 

River 
water. 

Settled 
water. 

Filtered 
water. 

?0 

308 

540 

31 

5 

Removal  of  Bacteria  by  Coagulation. — From  the  middle  of  Febru- 
ary until  the  end  of  the  year,  either  sulphate  of  iron  or  sulphate  of 
alumina  was  added  to  the  water.  The  quantities  of  coagulant  added 
were  proportioned  by  the  amount  and  character  of  the  turbidity,  and 
varied  from  0.3  to  8.3  grains  per  gallon.  The  average  turbidity  of 
the  river  -svater  for  the  year  has  been  86  parts  per  million,  and  an 
average  of  1.7  grains  per  gallon  of  coagulant  has  been  added.  Table 
41  gives  the  average  amounts  of  coagulant  added  to  the  river  water. 

The  period  of  sedimentation  was  about  12  hours. 

The  number  of  bacteria  in  the  river  water  during  1909  averaged 
9  240  per  cu.  cm.,  in  the  settled  water,  664,  and  in  the  filtered  water. 
120.  These  averages  show  that  92.8%  of  the  total  number  of  bacteria 
was  removed  in  the  settling  basins,  and  that  5.9%  more  was  taken  out 
by  filtering,  making  a  total  removal  of  98.7  per  cent. 

*  Asst.  Chemist,  Columbus  Water  Purification  W^orks. 
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TABLE  41. 


Mr.  C.  P. 
Hoover. 


Turbidity  of  river 
water  between  : 

1 

Coagulant 
added,  ingrains  j 
per  gallon.       | 

i 

Turbidity  of  river 
water  between: 

Coagulant 

added,  in  grains 

per  gallon. 

10  and  25 
25    ''     50 
50    "     75 
75    "   100 
100    "   150 

1.1 
1.2 
1.9 
2.2 
2.8 

150  and    200 
200    "       300 
300    "       500 
500    "    1  OOO 
1  000     "    1  500 

4.4 
4.2 
5.2 
4.7 
6.4 

Table  42  shows  the  average  of  the  daily  counts,  on  the  river, 
settled,  and  filtered  water,  for  the  year.  The  samples  were  plated  in 
duplicate  on  agar,  having  an  acidity  of  1%,  and  were  incubated  for 
48  hours   at  20°   cent. 

TABLE  42. 


Month,  1909. 


January . . . 
February., 

March 

April 

May 

June 

July 

August 

September 
October  . . . 
November. 
December. , 


Average  Number  of  Bactp:r[a  per  Cubic  Centimeter,  in; 


River  water. 


Settled  water. 


435 

12 

33  000 

2  100 

18  000 

800 

8  500 

850* 

16  500 

3  500* 

4  000 

180* 

4  000 

42 

1  900 

85 

1  200 

65 

700 

100 

1  300 

60 

21  500 

65 

Filtered  water. 


4 

80 

80 
250* 
700* 
120* 

13 

20 

23 

2S 

76 

11 


*  The  large  numbers  of  bacteria  found  in  the  settled  and  filtered  waters  during  April. 
May,  and  June  belonged  to  a  species  which  grew  in  the  settling  basins. 

Although  the  counts  for  the  filtered  water  average  120  per  cu.  cm. 
for  the  year,  the  numbers  were  below  100  during  79%  of  the  time; 
below  50  during  72%  of  the  time;  below  25  during  56%  of  the  time; 
and  below  10  during  39%  of  the  time.  On  20  days  the  plates  were 
sterile. 

The  high  numbers  of  bacteria,  which  appeared  occasionally  and 
hung  on  for  two  or  three  weeks  at  a  time,  were  due,  in  almost  all 
cases,  to  growths  of  a  non-pathogenic  bacterium,  which  develops  in  the 
lime  sludge  in  the  settling  basins  and  conduits.  The  sludge  contained 
about  5  000  000  or  6  000  000  bacteria  per  gramme,  and  every  time  this 
sludge  was  stirred  up  in  the  last  chambers  of  the  settling  basins  large 
numbers  of  bacteria  were  found  in  the  settled  and  filtered  water.  The 
organism  which  caused  the  high  counts  will  not  grow  at  37°  cent,  on 
any  of  the  laboratory  culture  media,  but  develops  on  all  media  at  20° 
cent.  Many  times  this  organism  caused  the  settling  basin  counts  to 
be  higher  than  the  river  water,  and  on  a  few  occasions  the  filtered 
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Mr.  c.  p.  water   counts   have   been   higher   than   those    of   the   raw   river   water 

Hoover.     ^  •      ^^ 

lor  a  similar  reason. 

The  counts  on  gelatin  and  agar  have  checked  very  satisfactorily  at 
all  times  on  the  river  water,  and  also  on  the  settled  and  filtered  water, 
except  during  times  when  there  was  trouble  with  these  growths;  then 
the  gelatin  plates  showed  many  times  as  many  of  these  tiny  white 
colonies  as  were  developed  on  agar. 

Disinfection  with  Calcium  Hypochlorite. — The  first  experiments 
were  made  in  the  laboratory,  at  a  time  when  trouble  was  caused  by 
growths  in  the  settling  basin.  Four  samples  of  settled  water  (1  gal. 
each)  were  collected  in  sterile  bottles;  the  hypochlorite  was  added,  and 
the  samples  were  shaken  vigorously  for  15  min.,  then  gelatin  plates 
were  poured.  These  plates  were  incubated  at  20°  cent,  for  48  hours.  The 
results  of  the  hypochlorite  treatment  are  given  in  Table  43. 

TABLE  43. 


Sample  No. 

Available  chlorine  added, 
in  parts  per  million. 

Bacteria  per 
cubic  centimeter. 

1 
2 
3 

4 

0.0 
0.25 
0.50 
0.75 

20  000 

112 

10 

1 

On  December  15th  the  treatment  of  the  entire  supply  with  calcium 
hypochlorite  was  commenced.  The  river  was  in  flood,  and  the  tur- 
bidity and  numbers  of  bacteria  were  very  high.  Table  44  shows  the 
numbers  of  bacteria  found  in  the  river  water,  the  settled  water, 
before  the  application  of  the  hypochlorite,  the  treated  settled  water, 
the  filtered  water,  and  also  the  presence  or  absence  of  B.  Coli  in 
1-cu.  cm.  and  50-cu.  cm.  portions  of  the  filtered  water. 

There  was  considerable  variation  in  the  application  of  hypochlorite 
because  of  irregularity  of  pumping,  and  also  on  account  of  some 
mechanical  difficulties  with  the  dosing  device. 

Daily  analyses  were  made  for  the  determination  of  B.  Coli  in 
1-cu.  cm.  portions  of  the  river  water  and  in  1-cu.  cm.  and  50-cu.  cm. 
portions  of  the  filtered  water,  according  to  the  following  procedure: 

(1). — The  filtered  and  river  water  samples,  in  1-cu.  cm.  portions, 
were  plated  on  lactose  azolitmin  Parietti  agar,  and  after  incubating 
24  hours  at  37°  cent,  four  characteristic  colonies,  when  present,  were 
inoculated  on  agar  slopes.  From  the  slopes  they  were  transferred  into 
fermentation  tubes  of  lactose  bile  (1%  of  lactose  and  i%  of  peptone). 
If  25%  of  gas  developed  in  the  bile  tube,  then  full  determinative  tests 
for  B.  Coli  were  made  according  to  the  procedure  outlined  in  "Standard 
Methods  of  Water  Analysis." 

(2). — The  samples,  in  1-cu.  cm.  portions,  were  also  inoculated  into 
fermentation  tubes  of  dextrose  broth  and  lactose  bile.     The  bile  tubes 
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were  incubated  48  hours  at  37°  cent.,  and  if  any  gas  developed  lactose  Mr.  c.  P. 
azolitmin  Parietti  agar  plates  were  poured.  Whenever  present,  char-  ^^^^^• 
acteristic  colonies  were  transferred  to  agar  slopes  and  tested  for  B. 
Coli.  The  dextrose  broth  tubes  were  incubated  at  37°  cent,  for  24 
hours  and  plates  were  poured  from  tubes  showing  gas.  If  the  tubes 
showed  no  gas  but  had  turbidity  then  1  cu.  cm.  of  the  broth  was 
transferred  into  a  lactose  bile  tube  and  incubated  48  hours,  plates  being- 
made  if  the  tubes  developed  gas.  All  plates  were  fished,  and  cultures 
were  treated  as  in  Procedure  1. 

(3). — Samples  of  the  filtered  water,  in  50-cu.  cm.  portions,  were 
mixed  with  10  cu.  cm.  of  enrichment  medium  (a  solution  of  dextrose 
broth  of  five  times  normal  strength).  The  mixture  was  incubated  at 
37°  cent,  for  24  hours,  and  then  1  cu.  cm.  of  the  solution  was  trans- 
ferred into  a  lactose  bile  fermentation  tube  which  was  cared  for  in  the 
same  way  as  in  Procedures  1  and  2. 

TABLE   44. — ^Numbers   of   Bacteria   per   Cubic   Centimeter   which 
Developed  on  Agar  Plates,  Incubated  48  Hours  at  20°  Cent. 


1909, 

River  water. 

Settled 

water 

before 

treatment. 

Settled 
water, 
treated. 

Filtered 
water. 

Av.  CL, 
in  parts 

per 
million. 

B.  Coli  Present: 

Decem- 
ber. 

1  cu.  cm. 

50  cu.  cm. 

16 

17 

18 

19 

20 

21 

22 

23       . 

24 

25 

26 

27 

28 

29 

30 

31 

86  000 
61  000 
103  000 
77  000 
44  000 
53  000 
80  000 

20  000 

21  001) 
18  OCO 

13  ono 

2  500 
6  000 
9  000 
4  500 
8  400 

1  750 

3 '600 

1  650 

6  300 

1  400 

1  000 

80 

80 

118 

12 

350 

52 

106 

228 

350 
70 
20 

255 
43 
68 
52 
46 
27 
32 
6 
15 
11 
19 
21 
10 

24 
22 
10 

28 

21 
1 

40 
7 

80 
2 
1 
0 
1 
9 
4 
6 

oire 

1.00 
0.42 
0.27 
0.55 
0.10 
0.16 
0.40 
0.]7 
0.25 
0.27 
0.28 

+ 
0 

+0 

0 
0 

+ 

0 
0 
0 
0 
0 
0 
0 
0 
0 

4- 
0 

+ 

-1- 

-J- 

0 

+0 

-f 

0 
0 

0 

+0 

+ 

Table  45  shows  the  number  of  times  that  B.  Goli  were  isolated  from 
the  river  and  filtered  water  from  April  1st,  1909,  to  January  1st,  1910. 

The  filtered  water,  except  on  one  or  two  occasions,  has  never  given 
more  than  a  bubble  of  gas  in  dextrose  broth  or  in  lactose  bile,  and  no 
red  colonies  were  ever  found  on  lactose  azolitmin  Parietti  agar. 
Dextrose  broth  tubes  show  some  turbidity  at  times,  and  by  trans- 
ferring 1  cu.  cm.  of  the  broth  into  a  lactose  bile  fermentation  tube, 
there  was  sometimes  obtained  more  than  25%  of  gas  production;  and 
on  twelve  occasions  during  the  year  it  was  possible  to  isolate  B.  Coli  from 
1-cu.  cm.  portions  of  the  filtered  water  by  the  foregoing  method. 
From  50-cu.  cm.  portions  of  the  filtered  water,  B.  Coli  were  isolated 
43  times  during  the  year,  and  on  26  different  days.  B.  Coli  were  found 
to  be  present  in  1-cu.  cm.  portions  of  the  river  water  71%  of  the  time. 
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o 
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1 

1-1 
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1  cu.  cm. 
R. 

> 

so 

h-i 

•     OOOOOOOOOOOOOOOOOOOOi-'OOOOOOOOO 

1  cu.  cm. 
F. 

2>S 

•     OOOOOOOOOOOOOOOr-iO^OOOOOOOOOOOO 
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C.  B.  Hoover,  Esq.'*  (by  letter). — A  discussion  of  the  results  of  Mr.  c.  b. 
the  operation  of  the  Columbus  Sewage  Purification  Works  is  naturally  ^^'^^^^• 
divided  into  three  parts: 

1. — Preliminary  Treatment. 

2. — Sprinkling  Filter  Treatment. 

3. — Treatment  in  Final  Sedimentation  Basins. 

It  might  be  well  to  preface  this  discussion  with  a  statement  of  the 
analytical  methods  and  sampling  schedule  followed. 

Sampling  Schedule. — The  screened  sewage  is  sampled  every  2  hours 
throughout  the  day  and  night,  in  amounts  which  are  proportional  to 
the  volumes  pumped  at  the  times  the  samples  are  taken.  This  gives 
a  composite  sample  which  is  a  weighted  mean  for  the  24  hours.  The 
septic,  filter,  and  settling  basin  effluents  are  sampled  in  equdl  amounts 
every  2  hours  throughout  the  day  and  night,  the  twelve  portions  mak- 
ing up  the  composite  samples  for  the  24  hours.  Special  samples  for 
dissolved  oxygen  and  bacteria  are  taken  daily  except  Sunday.  All 
other  determinations  are  made  on  the  composite  samples.  Composite 
samples,  while  being  completed,  are  stored  in  a  large  refrigerator,  and 
not  poisoned. 

Analytical  Methods. — The  standard  methods  for  water  and  sewage 
analysis  are  followed. 

Oxygen  Consumed. — Permanganate  to  cold  acidulated  sample,  then 
bring  to  a  boil  and  continue  boiling  for  5  min. 

Svispended  Matter. — Gooch  crucible  method. 

Nitrites  and  Nitrates. — Determined  together  by  boiling  300  cu. 
cm.  of  sample  to  about  125  cu.  cm.,  making  up  to  150  cu.  cm. 
with  ammonia-free  water  and  the  necessary  amount  of  potas- 
sium hydrate,  reducing  at  room  temperature  over  night  with 
aluminum  foil,   and  nesslerizing  without  distillation. 

Bacteria. — Counts  of  whole  numbers  made  on  1.0%  acid  agar  after 
48  hours  at  20°  cent,  and  results  expressed  as  millions  per 
cubic  centimeter.f 

Preliminary  Treatment. 

The  sewage  received  at  the  main  purification  works  is  made  up  of 
domestic  and  industrial  wastes,  with  varying  quantities  of  storm  and 
ground-water,  the  trade  wastes,  under  normal  conditions,  not  being 
sufficiently  large  in  volume  to  impress  their  character  on  the  com- 
position of  the  main  volume  of  sewage.  Table  46  gives  the  results 
of  daily  analyses  of  screened  sewage  from  January  1st,  1909,  to  Jan- 
uary 1st,  1910,  and  shows  the  maximum,  minimum,  and  mean  daily 
values. 

*Chief  Chemist,  Columbus  Sewage  Purification  Works. 

tAll  analytical  results  are  expressed  as  parts  per  million,  unless  otherwise  stated. 
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Mr.  vj.  B.  TABLE  46. — Kesults  of  Analyses  Showing  Ranges  in  Composition 

OF  THE  Screened  Sewage. 


Suspended  matter. 

Oxygen  consumed. 

Bacteria. 

Maximum 

1  088 

13 

200 

205 

7 

61 

9.00 

Minimum 

0.03 

Mean 

2.37 

Tlie  features  of  interest  regarding  the  preliminary  treatment  may 
be  discussed  under  the  following  headings: 

1. — Cliaracter  and  Amount  of  Septic  Action  Talcing  Place. — The 
escape  of  gases,  resulting  from  sludge  decomposition,  has  at  all  times 
been  very  noticeable  in  the  septic  tanks.  This  visible  evidence  of 
septic  action  is  more  marked  in  the  primary  than  in  .the  secondary 
tanks.  The  primary  tanks  show  the  constant  gentle  boiling  or  escape 
of  small  volumes  of  gas  coming  from  the  decomposition  of  super- 
ficial material,  and,  at  irregular  intervals,  the  violent  belching  forth 
of  large  volumes  of  gas,  carrying  to  the  surface  large  amounts  of 
sludge.  This  very  violent  action  is  probably  due  to  the  presence  of 
large  amounts  of  grit  mixed  with  the  sludge  or  deposited  in  it  in 
layers  which  prevent  the  escape  of  small  gas  bubbles  and  favor  an 
accumulation  of  the  gas  until  the  volume  becomes  sufficient  to  enable 
it  to  break  through  and  escape  in  large  amounts.  Action  of  this  kind 
is  detrimental,  as  it  interferes  with  the  subsidence  of  sewage  solids 
and  favors  a  forward  movement  of  the  sludge.  The  secondary  tanks 
show  the  gentle  boiling,  and,  as  there  is  but  little  grit  deposited  in 
these  tanks,  the  violent  belching  is  much  less  common. 

There  has  never  been  any  marked  accumulation  of  scum  on  any 
of  the  septic  tanks.  On  several  occasions  a  typical  scum  formation 
has  covered  parts  of  the  tanks,  lasting  for  two  or  three  days,  but  the 
tanks  are  so  exposed,  and  present  such  a  large  surface  for  the  wind 
to  play  upon,  that  scum  formation  does  not  proceed  very  far.  One  of 
the  primary  septic  tanks,  after  standing  idle  for  several  weeks,  devel- 
oped a  tyi)ical  scum  3  or  4  in.  thick,  Avhich  lasted  for  about  a  week, 
and  then  apparently  decomposed  and  disappeared. 

2. — The  Efficiency  of  the  Septic  Tanhs  as  Shown  hy  the  Removal 
of  Suspended  Matter  and  Bacteria. — The  only  way  in  which  the  effi- 
ciency^ of  the  septic  tanks  can  be  affected  is  by  varying  the  method  of 
operating  them.  The  design  of  the  Columbus  tanks  is  such  that  it  is 
possible  to  have  considerable  variation  in  the  method  of  operation. 
The  efficiency  of  the  tanks,  as  regards  the  removal  of  bacteria  and 
suspended  matter,  and,  also,  the  jiroper  preparation  of  the  sewage 
for  subsequent  treatment,  is  dependent,  among  other  factors,  on  the 
length  of  the  storage  period. 
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TABLE  47. — The  Flexibility  in  the  Operation  of  the  Septic  Tanks  Mr.  c.  b. 
Made  Possible  by  Their  Design  and  as  Shown  by  the  Various 
Storage  Periods  Obtainable,  with  the  Maximum,  Minimum,  and 
Mean  Daily  Volumes  Pumped  During  the  Year  1909. 

Possible  Storage  Periods^  in  Hours  for: 


Maximum  volume  pumped 

Minimum  volume  pumped 

Mean  volume  pumped 

per  24  hours 

per  24  bours 

per  24  hours 

(31.4  million  gallons). 

(3.1  million  gallons) . 

(11.1  million  gallons). 

8.3 

41.0 

16.0 

7.6 

37.5 

14.6 

6.9 

34.0 

13.2 

6.2 

31.0 

11.8 

5.7 

28.0 

10.8 

4.9 

24.0 

9.4 

4,2 

21.0 

8.0 

3.5 

17.0 

6.7 

The  calculations  in  Table  47  were  based  on  the  mean  elevation  of  the  sewage  in  the 
septic  tanks  for  the  year  1909. 

Another  method  of  operating  the  tanks,  which  is  made  possible  by 
their  design,  is  a  plan  which  has  been  followed  to  good  advantage  dur- 
ing the  late  spring,  summer,  and  early  fall  months.  It  is  as  follows: 
One  secondary  and  one  or  two  of  the  primaries  are  used  continuously 
until  septic  action  becomes  violent  enough  to  interfere  seriously  with 
the  subsidence  of  suspended  solids,  then  these  tanks  are  put  out  of 
service  and  the  other  secondary  and  primaries  are  put  in  service.  The 
tanks  which  are  put  out  of  service  are  allowed  to  stand  idle  until 
the  deposited  sludge  has  been  somewhat  well  digested.  When  this 
condition  has  been  attained  it  will  be  indicated  by  the  comparative 
absence  of  boiling,  and  a  change  in  the  color  of  the  supernatant  liquor 
from  jet  black  to  a  clearer  greenish  color.  The  green  color  is  due  to 
a  very  luxuriant  growth  of  Uglena,  and  this  liquor  has  often  been 
found  to  be  supersaturated  with  dissolved  oxj'-gen,  presumably  as  a 
result  of  the  activities  of  these  micro-organisms.  When  the  tanks 
are  shifted,  the  clear  liquor  in  those  which  have  been  standing  idle 
is  drained  into  the  river,  and  they  are  again  ready  for  service, 
the  sludge  remaining  in  the  tanks.  The  supernatant  liquor  which  is 
drained  into  the  river  has  been  found  to  be  non-putrescible  and  very 
low  in  bacteria  (less  than  10  000)  and  suspended  matter.  The  char- 
acter of  the  septic  effluent  is  shown  by  Table  48,  a  summary  of  results 
of   analyses   made   during   1909. 

The  average  reduction  by  the  septic  tanks,  for  1909,  was : 

Suspended  matter    58  per  cent. 

Oxygen  consumed    38     "       " 

Bacteria    54     "       " 
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TABLE  48. 


Suspended  matter. 

Oxygen  consumed. 

Bacteria. 

Maximum  value 

Minimum  value 

Mean  value 

230 
12 

82 

132 

7 
38 

6.45 
0.04 
1.05 

During  1909,  in  8.1%  of  the  bacterial  counts,  or  25  out  of  306,  the 
septic  effluent  was  higher  than  the  screened  sewage,  and  in  3.6%  of 
the  suspended  matter  determinations,  or  9  out  of  249,  the  septic  efflu- 
ent was  higher  than  the  screened  sewage. 

The  equalizing  effect  of  the  septic  tanks  is  well  shown  by  the 
results  in  Table  49. 

TABLE  49. — Average  Daily  Departure  from  the  Mean  Daily 
Suspended  Matter  Value  for  the  Month. 


Parts  per  Million. 

Percentage. 

Month,  1909. 

Screened 
sewage. 

Septic 
effluent. 

Screened 
sewage. 

Septic 
effluent. 

Janua  ry      

140 
143 
96 
129 
87 
65 
44 
50 
48 
28 
79 
56 

18 
26 
15 
21 
17 
15 
27 
13 
14 
11 
26 
83 

41 
50 
54 
62 
43 
30 
38 
40 
28 
20 
34 
29 

17 

February 

22 

March 

17 

April 

27 

May 

22 

June 

30 

July      

36 

August 

24 

September 

22 

October    

17 

November  

22 

December        

38 

Means 

80 

20 

39 

24.5 

Table  50  is  a  record  of  the  amounts  of  sewage  solids  received  by, 
and  deposited  in,  the  septic  tanks  during  1909. 

3. — Sludge  Removal  and  Disposal. — The  composition  of  septic  tank 
sludge  is  indicated  by  the  results  of  analyses  in  Table  51. 

Septic  tank  sludge  is  flushed  into  the  river  during  flood  times, 
the  flow  in  the  river  at  such  times  providing  a  dilution  which  is  suffi- 
cient to  oxidize  the  organic  matter  and  render  it  inodorous.  The 
dilution  required  by  septic  sludge  depends  on  its  age,  composition,  and 
the  extent  to  which  it  has  been  decomposed  in  the  tanks. 

The  variability  in  the  stability  of  septic  sludge,  as  indicated  by 
the  dissolved  oxygen  present  after  incubation  for  48  hours  at  room 
temperature,  is  shown  by  Tables  52  and  53. 
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TABLE  50. 


Mr.  C.  B. 
Hoover. 


Month. 

No. 

Mean 

daily 

volume 

of 

Parts 

PER 

Million. 

Pounds 

PER 

Million 
Gallons. 

Tons 

PER 

Million 
Gallons. 

Tons 

PER 

Day. 

Tons 

PER 

Month. 

of 

sewage 
pump- 
ed. 
Million 
gallons. 

Days. 

i-  ID 

«^ 

CD  ^ 

W 

T3     . 

a  u 

«1 

.2« 
P,3 

Jan 

31 

11.8 

340 

105 

2  839 

876 

1.42 

0.44 

16.75 

5.19 

519 

167 

Feb 

28 

15.2 

285 

120 

2  380 

1000 

1.19 

0.50 

18.10 

7.60 

507 

213 

Mar 

31 

16.6 

178 

87 

1486 

726 

0.74 

0.36 

12.30 

5.98 

382 

185 

Apr 

30 

12.1 

209 

78 

1745 

650 

(1.87 

0.33 

10.50 

3.99 

315 

120 

May 

31 

13.7 

200 

78 

1670 

650 

0.83 

0.33 

11.35 

4.52 

354 

140 

June 

30 

13.4 

214 

49 

1787 

410 

0.89 

0.21 

11.90 

2.82 

357 

85 

July 

31 

10.9 

115 

74 

960 

618 

0.48 

0.31 

5.20 

3.38 

161 

105 

Aug: 

31 

9.8 

126 

55 

1052 

460 

0.53 

0.23 

5.10 

2.25 

158 

70 

Sept 

30 

9.3 

170 

64 

1420 

534 

0.71 

0.27 

6.60 

2.48 

198 

74 

Oct 

31 

9.0 

141 

63 

1  175 

525 

0.58 

0.26 

5.28 

2.36 

164 

73 

Nov 

30 

9.8 

234 

117 

1950 

978 

0.98 

0.49 

9.55 

4.79 

286 

144 

Dec 

31 

11.7 

192 

88 

1  600 

734 

0.80 

0.37 

9.35 

4.29 

290 

133 

Sums 

365 

*4.852 
11.9 

3  691 

308 

1509 

Means 

200 

82 

1.665 

684 

0.83 

0.34 

9.9 

4.0 

126 

*  Billion  gallons  of  sewage  treated  during  1909. 

TABLE  51. 


Sludge  from: 

Primary  tanks. 

Secondary  tanks. 

Specific  gravity 

Water 

1.092 

82.880%, 

17.1200/0 

10.100o^ 

7.010o^ 

4.2400/0 

0.1540/0 

1.074 
81 .790% 
18.2100/0 
10.3200/^ 

7.890%o 

2.540O/O 

0.243% 

73  000  000 

1.128 

77.2800/0 

22.7200/0 

14.960% 

7.7600/0 

2.400o/„ 

0.173%, 
78  000  000 

1.074 

Total  solids 

Fixed  solids 

17.500% 

12.290%, 

5,4900/0 

2.2000/0 

0.3690/0 

33  000  000 

Volatile  solids 

Oxygen  consumed 

Organic  nitrogen 

Bacteria 

TABLE  52. 


Dilution  : 

One  part  sludge  in 

parts  of  water. 

Dissolved  Oxygen  Present  After  48  Hours  at  20°  Cent. 

Sample  No.  1. 

Sample  No.  2. 

Sample  No.  3. 

100 

'o.h 

'3.0 

■4!2 
5.4 

'7.3 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.2 
0.6 
1.9 
3.4 

0.0 
0.0 
0.0 
0.0 
0.3 
0.8 

200.,.. 

250 

300 

500 

700 

750 

1  000 

1  200 

1  500  

2  000 

3  000 
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Mr.  C.  B. 
Hoover. 


TABLE  53. 


Dilution : 

Dissolved  Oxygen  and  Odor  After  24  Hours  at  37°  Cent. 

One  part 

sludge 
in  parts 

Primary  sludge. 

Secondary  sludge. 

Settling  basin  sludge. 

of 

distilled 

water. 

Dissolved 
oxygen. 

Odor. 

Dissolved 
oxygen. 

Odor. 

Dissolved 
oxygen. 

Odor. 

50 

0.0 

Positive. 

0.0 

Positive. 

0.0 

Positive. 

100 

0.0 

11 

O.U 

" 

0.0 

" 

200 

0.0 

"• 

0.0 

Doubtful. 

0.0 

Negative. 

400 

0.0 

Doubtful. 

0.0 

"■ 

2.6 

600 

0.0 

"• 

0.0 

Negative. 

4.3 

800 

0.0 

Negative. 

0.0 

" 

5.1 

1  (MM) 

0.0 

"• 

0.0 

"■ 

5.0 

1200 

0.0 

"■ 

1.2 

"' 

6.2 

1  400 

1.0 

■' 

1.4 

" 

6.3 

1  600 

1.0 

"• 

2.4 

"• 

6.5 

1  800 

1.6 

" 

2.5 

11 

6.5 

2  000 

2.3 

3.2 

6.1 

Septic  tank  sludge  at  Columbus  is  disposed  of  at  a  cost  of  about 
5  cent  per  cu.  yd.  of  wet  sludge.  This  method  of  sludge  disposal  reduces 
the  cost  of  handling  sludge  to  a  rrinimum,  and  is  as  justifiable,  from 
a  sanitary  point  of  view,  as  is  the  discharge  of  the  normal  product 
of  the  works  into  the  river  during  low-water  stages.  It  possesses  one 
element  of  uncertainty,  however,  as  a  long-continued  low-water  stage 
in  the  river  in  the  future  may  make  it  desirable  that  land  treatment 
be  made  available  as  an  alternative.  Table  54  shows  the  sludge  dis- 
posal conditions  during  1909. 


TABLE  54. 


Days,  during  1909,  when  the  river  was  in 
condition  to  receive  sludge. 

Flow  in  the  river,  in 

cubic  feet  per 

second. 

Number  of  days  in- 
tervening between 
opportunities  for 
sludge  disposu,!. 

February  15th  and  16th 

840  to    3  300 
6  2(»0  to  34  700 
5  700  Mean. 
10  000      '• 
9  800      '• 

77 

February  20th  to  28th 

4 

April  6th,  7th,  and  8th 

38 

April  30th,  May  1st  and  2d       

22 

May  10th,  11th,  12th,  and  13th 

8 

August  16th  and  17th 

95 

December  14th  and  15th 

4  200  xVLean. 

118 

The  following  results  of  analysis  show  the  typical  composition  of 
Scioto  River  water  during  flood  stages : 

Dissolved   oxygen    12.6 

Oxygen    consumed    16.0 

Suspended    matter    350.0 

Chlorine 5.0 

Bacteria     75  000 
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Jj.. — Odor. — In  the  winter  there  is  practically  no  odor  from  the  Mr.  c.  B. 
septic  tanks,  but  there  is  always  some  during-  warm  weather.  In  ^°^®''- 
the  summer  the  distance  to  which  the  odor  is  carried  is  governed  almost 
entirely  by  weather  conditions.  Ordinarily,  it  cannot  be  detected 
for  more  than  200  yd.  and,  when  it  is  detected  farther  than  this,  the 
distance  depends  on  the  velocity  of  the  wind.  The  nearest  dwelling 
to  the  works  is  a  farmhouse,  about  800  yd.  distant.  The  nearest  dwell- 
ings in  line  with  the  direction  of  the  prevailing  winds  during  May, 
June,  and  July,  are  from  1  to  IJ  miles  distant,  and  it  is  during  August 
and  September,  when  the  prevailing  winds  are  variable,  that  the  nearest 
residents  are  apt  to  be  annoyed. 

Sprinkling  Filter  TrExVTMent. 

Experience  with  the  sprinkling  filters  at  Cblumbus  has  emphasized 
certain  things  which  seem  to  be  essential  to  successful  treatment  of 
this  kind.  As  a  matter  of  convenience,  these  points  will  be  discussed 
under  appropriate  headings. 

SprinMing  Nozzles. — A  good  sprinkling  nozzle  should  be  designed 
so  that  it  will  possess  the  following  qualities: 

1. — It  should  show  the  slightest  possible  clogging  tendencies. 
2. — It   should   be   very   readily   detachable,   in   order  to   facilitate 
cleaning. 

These  two  points,  according  to  experience  at  Columbus,  are  the 
most  important,  as  the  uniformity  of  the  surface  distribution  is  more 
dependent  on  the  method  of  dosing  and  the  spacing  of  the  nozzles, 
than  on  the  nozzle  itself. 

Nozzles  of  tw^o  types  have  been  tried  at  Columbus,  namely,  that 
commonly  known  as  the  Columbus  nozzle,  and  an  armless  nozzle  in 
which  the  deflecting  cone  is  the  end  of  a  spindle  which  passes  down 
through  the  center  of  the  orifice  and  is  attached  below.  The  latter 
has  given  the  better  satisfaction.  Experience  with  the  Columbus 
nozzle  has  shown :  First,  that  the  arms  supporting  the  cone  catch  fibrous 
material,  which  breaks  up  the  spray  in  such  a  way  that  wedge-shaped 
areas,  in  line  with  the  arms,  receive  no  sewage  whatever;  second,  that 
material  often  catches  on  the  point  of  the  cone  and  interferes' with  the 
distribution;  third,  that  the  orifice  should  not  be  reduced  to  less  than 
i  in.  in  diameter;  and  fourth,  that  an  improvement  in  the  distribution 
is  effected  by  having  only  one  supporting  arm. 

During  1909  it  was  found  that  about  3.5%  of  the  nozzles  showed 
partly  or  completely  obstructed  sprays  all  the  time.  The  design  of 
the  nozzle  and  the  character  of  the  applied  liquor  are  the  two  factors 
which  determine  the  extent  to  which  troubles  of  this  nature  will  occur. 

Surface  Distribution. — It  is  impossible  to  get  uniform  surface  dis- 
tribution  with    any   fixed    nozzle   which   is    operated    at   any   constant 
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Mr.  c.  B.  head.     Experience   with   the   Columbus   nozzle   seems   to   warrant  the 

Hoover.    <•  n        •  „   i       • 

lollowing  conclusions : 

1. — The  uniformity  of  the  surface  distribution  will  be  a  resultant 
of  two  factors,  namely,  method  of  dosing,  and  distance  apart 
of   nozzles. 

2. — High  heads  are  better  than  low,  where  a  constant  head  must 
be  used,  and  where  the  nozzles  are  spaced  as  they  are  at  Colum- 
bus. 

3. — The  surface  distribution  may  be  made  very  satisfactory  by 
using  a  properly  designed  dosing  device  which  gives  the  right 
sequence  of  heads,  with  each  head  operating  for  the  proper 
length  of  time. 

Tables  65  and  56  give  the  results  of  tests  showing  the  distribution 
effected  by  the  Columbus  nozzle  at  different  heads.  The  values  given 
are  the  volumes  of  liquor  applied  at  given  distances  from  the  nozzle, 
in  gallons  per  square  foot  per  minute. 

TABLE  55. 


Area  within 
following 

Head, 

IN  Feet 

radii,  in  feet 

2 

3 

4 

5 

6 

7 

8 

9 

1.0  to  1.5 

o.or 

0.67 

0.T7 

0.13 

0.02 

0.007 

0.003 

0.013 

0.06 

0.21 

0.38 

0.35 

0.16 

0.05 

0.015 

0.006 

0.002 

0.0008 

0.012 

0.03 

0.07 

0.14 

0.23 

0.22 

0.20 

0.11 

0.053 

0.024 

0.011 

0.005 

0.002 

0.012 

0.023 

0.05 

0,08 

0.14 

0.18 

0.20 

0.17 

0.11 

0.05 

0.017 

0.006 

0.0017 

0.0047 
0.0082 
0.0127 
0.0193 
0.0333 
0.0582 
0.0864 
0.1230 
0.1490 
0.1475 
0.1200 
0.0708 
0.0367 

0.0114 
0.0120 
0.0175 
0.0246 
0.0370 
0.0538 
0.0745 
0.0984 
0.1239 
0.1357 
0.1373 
0.1077 
0.0900 

0.0054 
0.0077 
0.0115 
0.0184 
0.0215 
0.0284 
0.0382 
0.0518 
0.0704 
0.0928 
0.1308 
0.1600 
0.1752 

0.0101 

1.5  to  2.0 

0.0125 

2.0  to  2.5 

0.0156 

2.5  lo  3.0 

3  0  to  3.5 

0.0203 
0  0287 

3.5  to  4.0 

0.0374 

4.0   to  4.5  

0.0496 

4.5  to  5.0 

0.0620 

5.0  to  5.5 

0.0783 

5.5   to  6.0 

0.0962 

6.0  to  6.5 

0.1310 

6.5  to  7.0 

0.1554 

7.0  to  7.5 

0.1750 

Total  discharge  per  nozzle, 
in  gallons  per  minute 

Mean  discharge,    in  gallons 
per  square  foot  per  minute 
for  total  area  covered 

Maximum  rate,  in  milUons  of 
gallons  per  24  hours 

Minimum  rate,  in  millions  of 
gallons  per    acre    per    24 
hours 

10.8 

0.17 

48.3 

0.19 
10.7 

11.7 

0.008 
23.5 

0.05 
5.5 

13.0 

0.075 
14.4 

0.125 
4.7 

13.3 

0.075 
12.5 

0.106 
4.7 

141 

0.080 
9.3 

0.29 
5.0 

15.2 

0.087 
8.6 

0.71 
5.4 

14.9 

0.084 
11.0 

0.34 
5.3 

15.6 

0.088 
10.97 

0.63 

Mean  rate 

5.5 

Filtering  Material. — The  material  used  in  the  sprinkling  filters  is 
a  mixture  of  Columbus  and  Delaware  (lower  and  upper  Corniferous) 
h'mestones,  which  belong  to  the  Devonian  Age.  There  is  a  small  per- 
centage of  cherty  particles  mixed  with  the  broken  limestone,  and, 
during  the  two  winters  through  which  the  plant  has  been  operated. 
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almost  all  of  this  chert  in  the  surface  stone  has  disintegrated.  The  Mr.  c.  b. 
breaking  up  of  the  chert  no  doubt  takes  place  wherever  such  material 
is  exposed  to  rain  and  cold,  but  proceeds  very  rapidly  under  the  favor- 
ing conditions  which  exist  in  the  sprinkling  filters,  and  is  probably 
caused  by  the  leaching  out  of  the  interstitial  carbonate  of  lime  fol- 
lowed by  freezing. 

TABLE   56. — Results   of   Tests    Showing  the   Distribution   Under 
Different  Methods  of   Operation. 

The  values  given  are  gallons  per  square  foot  per  minute. 


Distance  from  nozzle, 

Equal  Periods  of  Time  for: 

*Doging 
Tank, 

10  ft.  to 
0  ft. 

0.81 
0.72 
0.56 
0.43 
0.41 
0.36 
0.37 
0.37 
0.37 
0-38 
0.42 
0.45 
0.51 

Columbus  Nozzle, 

5-Ft.  Head.    Size  of 

Orifice,  in  Inches. 

in  feet. 

Heads  of 

3  ft.,  6  ft.. 

9  ft. 

Heads  of 

4  ft.,  7  ft., 

9  ft. 

Heads  of 

10  ft.  to 

1  ft. 

T% 

7 
TB 

1.0  to  1.5 

1.5  to  2.0 

0.009 
0.027 
0.079 
0.140 
0.137 
0.085 
0.065 
0.067 
0.078 
0.0S2 
0.084 
0.075 
0.070 

0.010 
0.014 
0.027 
0.054 
0.097 
0.114 
0.104 
0.092 
0.085 
0.087 
0.090 
0.085 
0.079 

0.022 
0.124 
0.067 
0.072 
0.075 
0.072 
0.070 
0.068 
0.066 
0.061 
0.067 
0.063 
0.061 

0.0067 

0.007 

0  011 

0.021 

0.044 

0.083 

0.140 

0.190 

0.192 

0.114 

0.072 

0.038 

0.011 

0.003 
0.007 

2  0  to  2  5 

0.013 

2  5  t  o  3  0 

0.034 

3.0  to  3.5 

0.064 

3.5  to  4.0 

0.10(5 

4.0  to  4  5 

0.130 

4.5  to  5.0 

0.093 

5.0  to  .5.5 

5.5  to  6.0 

0.047 
0.020 

6.0  to  6.5 

0.010 

6.5  to  7.0 

0.0037 

7.0  to  7.5 

0.0034 

Means 

0.078 

0  080 

0.066 

0.43 

0.078 

0.039 

Rate  in  gallons  (  Mean 
per  acre  per-^  Max. 
24  hours {  Min.. 

4.89 
8.78 
0.56 

5.02 
6.18 
0.63 

4.14 

7.77 
1.38 

4.89 

12.04 

0.42 

2.44 

8.13 
0.19 

*  Gallons  per  square  foot,  but  not  per  minute. 


Clogging  of  Filtering  Material. — The  analytical  records  for  the 
year  show  as  much  suspended  matter  in  the  filter  effluent  as  in  the 
applied  liquor,  and  examinations  of  the  stones  from  top  to  bottom 
show  them  to  be  couiparatively  clean,  the  largest  accumulation  being 
noted  within  the  first  8  in.  The  unloading  of  material  is  accom- 
plished in  two  ways : 

First. — There  is  always  an  unloading  following  a  resting  period, 
the  longer  the  rest,  as  a  rule,  the  more  pronounced  the  unloading. 
When  the  filters  are  operated  in  such  a  way  that  long  resting  periods 
intervene  between  the  dosing  periods,  this  unloading  becomes  a  daily 
feature  of  the  work  of  the  filter.    When  short  (15  min.  or  less)  resting 
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Mr.  c.  B.  periods  follow  short  dosing  periods,   this   unloading   is   reduced   to   a 
oover.  jjjjj^jjjjyij^      Table  57   illustrates  this  point. 

TABLE  57. 


Filter  No.  7. 

Filter  No.  8. 

Composite  sample. 

Suspended 
matter. 

Nitrites  and 
nitrates. 

Suspended 
matter. 

Nitrites  and 
nitrates. 

First  half  hour 

Second  half  hour 

Whole  day 

After A 
615 

208 
101 

Same  Filt 

604 
326 
214 
174 
149 

Rest  Period  of  2fi 

27.96 

9.78 

4.96 

rERS  After  a  6-Hc 
6.29 
2.60 
2.90 
2.90 
3.00 

Days  (During  Mj 
1750 
214 
136 

)UR  Rest  (April  2 
498 
242 
168 
124 
112 

After  a  15- 

92 

82 

77 

iY,  1909). 

28.03 
9.55 
4.14 

First  15  min 

6th,  1909) 
4.40 

Second  15  min 

Second  half  hour 

Third       "         "    

Fourth    ''         "    

1^'irst  5  min 

4.00 
2.80 
2.80 
2.60 

MiN.  Rest. 
5  50 

Second  5  min 

5.00 

Third  5  min 

5.00 

Second. — There  is  an  unloading  which  seems  to  be  independent  of 
the  method  of  operation  and  is  more  pronounced  in  warm  than  in 
cold  weather.  This  unloading  is  probably  due  to  a  combination  of 
physical  and  biological  forces,  the  suspended  matter  breaking  loose 
from  the  stones  and  washing  out  after  having  accumulated  in  large 
amounts,  which  action  is  favored  in  the  warmer  weather  by  the  in- 
creased activities  of  lower  organisms  which  feed  on  the  organic 
deposits. 

The  activities  of  the  larva  of  Psychoda  alternata  (one  of  the  moth 
flies  the  larva  of  which  are  very  abundant  in  these  deposits)  seem  to 
be  especially  favorable  to  this  unloading,  and,  as  these  flies  come  and 
go  in  large  numbers  at  irregular  time  intervals,  their  activities  might 
explain  the  periodicity  noted  in   the  unloading. 

The  monthly  analytical  records  show  that,  during  the  warm 
weather,  there  were  one  or  more  unloading  periods  of  from  2  to  10 
days  duration  each,  per  month. 

Methods  of  Operation. — Intermittent  operation,  in  which  short  dos- 
ing and  resting  periods   (15  min.  or  less)   alternate,  has  given  by  far 
tlie  best  results.     The  advantages  of  the  short  periods  are  as  follows : 
1. — A   more   uniform  product   from  the  filters. 
2. — The.  filters  are  more  quickly  ripened  and  more  easily  kept  in 

that  condition. 
3. — The  establishment  of  conditions  which  seem  to  be  most  favor- 
able to  the  activities  of  bacteria  and  other  lower  plant  and 
animal  organisms. 
Jf. — A  higher  removal  of  whole  numbers  of  bacteria. 
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C omposiiion  of  Effltie7it  from  Filters. — The  composition  of  the  filter 
effluent  during  1909  is  shown  in  Table  58.  The  mean  percentage  removal 
of  bacteria  as  well  as  the  values  for  nitrites  and  nitrates  are  not  as 
good  as  the  results  from  the  experimental  Filters  Nos.  7  and  8,  which 
were  operated  on  a  short  on-and-off  schedule.  This  method  of  opera- 
tion would  have  been  applied  to  the  whole  plant  had  the  volume  of 
sewage  been  sufficient.  Table  58  gives  the  comparative  results,  show- 
ing the  difference  in  efficiency  between  Filters  Nos.  1,  2,  3,  4,  5,  and  6 
and  Nos.  1  and  8,  as  shown  by  the  composition  of  the  composite  efflu- 
ent from  all  the  filters,  and  the  effluent  from  Filters  Nos.  7  and  8. 

TABLE  58. 


Applied 
Septic 

Ef- 
fluent. 

Filter  Effluent 

Composite  Sample 

FOR  All  Filters. 

Effluent  from  Filter: 

Mean 

values 

for 

No.  7. 

No.  8. 

month  of: 

Bacteria. 

Bacteria. 

Nitrites 

and 
nitrates. 

Bacteria. 

Nitrites 

and 
nitrates. 

Bacteria. 

Nitrites 

and 
nitrates. 

October,  1909 

2.2(5 
1.8(5 

1.23 

1.11 

0.72 

0.46 

3M\ 
4.0 

3.1 

0.39 
0.43 

0.44 

5.6 
10.0 

8.5 

0.37 
0.48 

0.44 

67 

November,  1909 

December,  1909,  to  the 
11th 

9.2 
7.5 

Mean 

1.94 

0.90 

3.6 

0.41 

8.0 

0.40 

7.8 

Bacterial  reduction 

53.60/0 

78% 

780/6 

Aeration. — Table  59  gives  the  average  values  of  thirty-one  tests 
made  on  as  many  separate  days  during  August,  September,  and  Octo- 
ber, 1909,  and  shows  the  amounts  of  dissolved  oxygen,  in  parts  per 
million,  taken  up  in  the  spraying  and  passage  through  the  filtering 
material,  retained  after  flowing  through  the  settling  basins,  and  taken 
up  between  the  settling  basins  and  the  river. 


Mr.  C.  B. 
Hoover. 


TABLE  59. 


Dissolved  Oxygen,  in  Parts  per  Million. 


Septic 
effluent. 

Filter 
effluent. 

Settling  basin 
effluent. 

Effluent  when 

discharged  into 

the  river. 

Percentage  saturated 

when  discharged 

into  the  river. 

0.0 

5.6 

2.6 

4.5 

48 

The  oxygen  taken  up  between  the  settling  basin  and  the  river 
results  from  the  churning  which  the  effluent  from  the  basins  gets 
as  it  discharges  into  a  bowl  at  the  outlet. 
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Mr.  C.  B. 
Hoover. 
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The  following  results,  giving  the  amounts  of  dissolved  oxygen  in 
parts  per  million,  indicate  the  relative  aerating  efficiency  of  the  spray- 
ing and  trickling  through  the  stone: 

Total   in  filter   effluent 6.6 

Spray  caught  in  pan  on  surface  of  bed 4.7 

Aeration  due  to  trickling,  by  difference 1.9 

Percentage  of  aeration  due  to  spraying 71.0 

Treatment  in  Final  Settling  Basins. 

The  efficiency  of  the  final  settling  basins,  as  regards  the  removal 
of  suspended  matter  and  bacteria,  is  shown  in  Table  60.  The  settling 
basins  remove  suspended  matter  at  all  times,  but  the  percentage 
removed  is  greatest  during  the  times  when  the  filters  are  unloading. 
This  is  shown  in  Table  61. 


TABLE  61. — Mean  Daily  Value  for  Suspended  Matter. 


• 

Filter  Effluent. 

Settling-Basin 
Effluent. 

Percentage 
Removed. 

Time. 

For 
whole 
month. 

During 

unloading 

period. 

For 
whole 
month. 

During 

unloading 

period. 

For 
whole 
month. 

During- 

unloading 

period. 

April,  1909 

59 
66 
62 

110 
1:57 
106 

26 
24 
26 

27 
33 
38 

57 
64 
58 

75 

May,  1909. 

September,  1909 

76 
64 

The  efficiency  of  the  settling  basins,  as  regards  the  removal  of 
suspended  matter,  is  governed  by  the  following  factors  which  are  more 
or  less  interdependent. 

1. — Character  of  the  filter  effluent. 

Much  suspended  matter  in  filter  effluent — high  percentage  of 

removal. 
Little  suspended  matter  in  filter  effluent — low  percentage  of 
removal. 
2. — Length  of  the  period  of  flow. 
^.— Wind. 

The  basins   are  shallow,  and  strong  winds  retard  the  subsi- 
dence of  material  by  keeping  the  water  agitated. 
Jf. — Septic  action  in  sludge  on  floors  of  basins. 

During  warm  weather  the  filter  effluent  loses  about  50%  of  its 
dissolved  oxygen  during  its  passage  through  the  basins,  the  amount 
of  the  loss  being  governed  by  the  temperature,  the  length  of  the  period 
of  flow,  the  composition  of  the  filter  effluent,  and  the  amount  and  con- 
dition of  the  deposited  sludge.     The  results  are  shown  in  Table  59. 
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The  composition  of  the  settling  basin  sludge  is  indicated  by  the  Mr.  c.  B. 
following  results  of  analyses: 

Specific  gravity 1.051 

Water   90.93% 

Total  solids 9.07% 

Fixed  solids 5.40% 

Volatile  solids 3.67% 

Organic  nitrogen 0.244% 

Ferrous  sulphide 0.150% 

Oxygen  consumed 1.27% 

Bacteria  (whole  numbers) 44  000  000 

The  stability  of  the  settling  basin  sludge,  as  compared  with  septic 
tank  sludge,  is  shown  in  Table  53.  The  stability  of  this  sludge  depends 
on  its  age;  well-decomposed  sludge  can  be  treated  on  land  without  any 
danger  whatever  from  offensiveness. 

PutresoibiijIty  of  Final  Effluent. 
When  the  term  putrescibility  is  used  with  reference  to  the  condition 
of  the  final  effluent  from  a  sewage  works,  and  each  sample  must  be 
marked  negative,  doubtful,  or  positive,  the  writer  suggests  one  of  the 
following   arbitrary   standards: 

1. — When  1  cu.  cm.  of  a  0.1%  solution  of  methylene  blue  is  mixed 
with  250  cu.  cm.  of  undiluted  effluent  and  incubated  at  37°  cent. 
Negative. — All  samples  not  decolorized  at  end  of  5  days. 
Doubtful. — All  samples  decolorized  in  from  3  to  5  day?. 
Positive. — All   samples   decolorized   in  less  than   3   days. 

When  the  final  effluent  from  the  Columbus  works  is  classified 
according  to  the  above  standard,  the  results  of  the  ninety-one  com- 
parative tests  for  putrescibility  made  on  the  daily  composite  samples 
during  September,  October,  November,  and  December,  1909,  are  as 
summed  up  in  Table  62. 

2. — When  the  undiluted  effluent  is  incubated  at  37°  cent,  for  24 
hours. 

Negative. — All  samples  showing  1.0  part  or  more  of  nitrogen 

as  nitrite  and  nitrate. 
Positive. — All  samples  showing  less  than  1.0  part  of  nitrogen 
as  nitrite  and  nitrate. 

When  the  putrescibility  is  based  on  the  standard  stated  under 
Heading  2,  the  results  of  the  ninety-one  comparative  tests  are  as 
summed  up  in  Table  63. 

3. — When  the  undiluted  effluent  is  incubated  at  37°  cent,  for  24 
hours. 

Negative. — All  samples   showing  a  trace  or  more  of  dissolved 

oxygen. 
Positive. — All  samples  showing  no  dissolved  oxygen. 
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TABLE  62. 


Methylene  Blue  Standard. 


(  Negative. 

Odor-^  Doubtful. 

(  Positive. . 


Nitrogen 

as 
nitrites 

and 
nitrates, 
in  parts 

per 
million. 


Dissolved 
oxygen, 
in  parts 

per 
million. 


Number  of  samples  showing: 


1.0  part  or  more 

Less  than  1.0  part 

Mean  amount  in  parts  per  million. 


Number  of  samples  showing: 


Trace  or  more 

No  dissolved  oxygen 

Average   amount,  in  parts  per  mil 
lion , 


Total  Number  of  Samples  That  Were: 


Non- 
purrescible. 

(52) 


39 

12 
1 


52 
0 
3.23 


48 
4 

0.50 


Doubtful. 

(14) 


10 

2 
2 


12 

2 
1.8 


11 
3 

0.54 


Putrescible. 

(25) 


10 

8 


4 
21 
0.5 


7 
18 

0.11 


TABLE  63. 


Total  Number  of  Samples 

That  Were; 

Nitr 

ite  and  Nitrate  Standard. 

Non-putresci  ble . 

Putrescible. 

(68) 

(23) 

(  Negative 

54 
12 

2 

5 

Odor-^  Doubtful 

10 

(  Positive 

8 

7  days. 

47 

0 

6      '■' 

3 

0 

Number   of   samples 

5      " 
4      '' 
3      " 

2      " 

2 
3 
9 
4 

0 

1 
1 
8 

Methylene  Blue.... 

which    held     color 
for: 

1  day 

0 

6 

Less  than  1    " 

0 

7 

0.0 

6 

19 

0.1 

3 

1 

0.2 

6 

1 

Number   of    samples 

0.3 

13 

0 

Dissolved 

which    snowed   the 

0.4 

8 

1 

Oxygen. 

following  amounts, 

0.5 

7 

0 

in    parts    per   mil- 

0.6 

3 

0 

lion: 

0.7 

7 

0 

0.8 

5 

0 

0.9 

3 

1 

1.0 

7 

0 
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When  putrescibility  is  based  on  the  standard  stated  under  Head-  Mr.  c.  B. 
ing  3,  the  results  of  the  ninety-one  comparative  tests  are  as  summed 
up  in  Table  64. 

TABLE  64. 


Oxygen  Standard. 

Total  Number 
OP  Samples  That  Were: 

Dissolved 

Non- 

putrescible. 

(66) 

Putrescible. 

(25) 

(  Nega 

Odor.  -   J)oub 

(  Positi 

tive 

50 

13 

3 

9 

tful 

9 

ve 

7 

Number  of 

samples 

which  held 

color  for: 

7  days 

6    "      

44 
:i 

1 
3 
8 
« 
1 
0 

5.85 

3 

0 

5    '•      

1 

4    "      

1 

Methylene 

3    "      

2 

Blue. 

2    "      

6 

1     "      

5 

Less  than  1  day 

Mean,  in  days 

7 
2.40 

Nitrogen 

as 
Nitrites 

and 
Nitrates. 

Number 

of 

samples 

which 

showed : 

Less  than  1.0  part  per  million 

1 .0  part  per  million  or  more 

Mean  in  parts  per  million 

4 

62 

2.8fi 

19 
6 

0  ()7 

The  oxygen  available  is  determined  by  multiplying  the  parts  per 
million  of  nitrites  and  nitrates  by  2.65  and  adding  the  parts  per  million 
of  dissolved  oxygen.  The  factor,  2.65,  was  determined  by  taking  the 
separate  values  for  nitrites  and  nitrates,  as  determined  from  Novem- 
ber 1st,  1908,  to  June  12th,  1909,  getting  the  ratio  existing  betv^een 
them,  and  applying  this  ratio  to  the  available  oxygen  factors  of  1.71 
and  2.86  for  nitrites  and  nitrates  respectively. 

Conclusions. 

1. — The  odor  test  is  least  desirable,  because  of  its  indefiniteness, 
which  is  caused  by  the  personal  equation  necessarily  introduced  by 
the  observer. 

2. — The  methylene  blue  test  is  best  where  such  observations  must 
be  made  by  someone  who  is  unskilled  in  chemical  analysis. 

3. — The  dissolved  oxygen  test  is  the  best  of  the  analytical  tests, 
from  the  standpoint  of  time  and  simplicity,  and  is  no  doubt  most 
satisfactory  where  the  time  and  equipment  of  the  operator  is  limited. 
The  minimum  time  required  is  24  hours. 
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Mr.  c.  B.  TABLE   65. — Kesume  of  Kesults  of   Comparatr^   Studies   of  the 

Hoover. 

VARIOUS  Stability  Tests  when  Applied  to  Ninety-one  Daily 
Composite  Samples  of  the  Undiluted  Final  Effluent  Taken 
During  September,  October,  November,  and  December,  1909. 

Temperature   of  incubation 37°  cent. 

Period  of  incubation 24  hours. 


Odor 

Percentage  of  Total  Tests  Which  Were: 

(after  incubation). 

Negative. 

Doubtful. 

Positive 

64.8 

24.] 

11.1 

Dissolved  Oxygen 

Methylene  Blue 

Nitrogen  as  Nitrites  a^d 

Nitrates 

(after  incubation). 

(after  incubation). 

(after  incubation). 

1  cu.  cm.  of  a  0.1%"  solution 

per  250  cu.  cm.  of  effluent. 

Percentage 

Percentage  of 

Parts  per 

of  total 



Parts  per 

total  number 

million. 

tests 
showing: 

Time. 

Percentage  of 

total  tests 
holding  color. 

million. 

of  samples 
showing : 

0.0 

27.5 

7  days.             ' 

51.6 

0.0 

5.5 

0.1 

4.4 

6     " 

3.8 

0.0  —  0.5 

14.3 

0.2 

7.7 

5     " 

2.2 

0.5  —  1.0 

5.5 

a.3 

14.3 

4     '' 

4.4 

1.0  —  1.5 

8.8 

0.4 

10.0 

3     '' 

11.0 

1.5  —  2.0 

7.7 

0.5 

7.7 

2     " 

13.2 

2.0  —  2.5 

16.5 

0.6 

3.3 

1  day. 

6.6 

2.5  —  3.0 

5.5 

0.7 

7.7 

Less  than  1  day . 

7.7 

3.0  —  3.5 

15.4 

0.8 

5.5 

3.5    -    4.0 

8.8 

0.9 

4.4 

4.0  —  4.5 

2.2 

1.0  or  more. 

7.7 

4.5  —  5.0 
5.0  -  5.5 
5.5  —  6.0 
6.0  —  6.5 
6.5  —  7.0 
7.0  -  7.5 

1.1 
6.6 
1.1 
0.0 
0.0 
1.1 

i 


Restatement. 


0.0 

27.5 

7  days 

51.6 

0.0 

5.5 

0.1  or  more. 

72.5 

6  days  or  more. 

54.9 

0.5  or  more. 

81.2 

0.2  '• 

68.1 

5     "      >'      " 

57.1 

1.0  " 

74.7 

0.3  ^' 

60.4 

4      "      ''       " 

61.5 

1.5  " 

65.9 

0.4  '' 

46.1 

3      "      "■      ■' 

72.5 

2.0  •' 

58.2 

0.5  " 

36.1 

2      "      '•      '' 

85.7 

2.5  " 

41.7 

0.6  -        " 

28.4 

1  day    •'      '■ 

92.3 

3.0  " 

36.2 

0.7  " 

25.1 

Less  than  1  day. 

7.7 

3.5  " 

20.8 

0.8  " 

17.4 

4.0  " 

12.0 

0.9  •' 

11.9 

4.5  " 

9.8 

1.0  " 

7.7 

5.0  '' 
5.5  " 
6.0  •' 

8.7 
2.1 
1.0 
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Nitrite- 
Nitrate 
Standard. 

Dissolved 

OXYGEX 

Standard. 

Methylene- 

Blue 
Standard. 

Odor  Test. 

P. 

N. 

P. 

N. 

P. 

D. 

N. 

P. 

D. 

N. 

(23) 

(68) 

(25) 

(66) 

(25) 

6.89 
0.00 
1.33 

(14) 

(52) 

(10) 

(22) 

(59) 

Oxygen  available  1 
from    nitrites,  1     fMax.  .. 
nitrates,  and  I-   JMiii.  ... 
dissolved  oxy-  |     1  Mean., 
gen.                       J 

2.75 
0.00 
0.89 

15.7 
2.65 

8.22 

7.95 
0.00 
1.77 

15.7 
1.72 
8.13 

7.86 
0.79 
5.25 

15.7 
2.65 
9.06 

6.89 

3.44 
0.00 
1.42 

2.14 

15.2 
0.0 
4.75 

15.7 
0.0 

7.8 

Mean    time,    in    days,    re- ) 
quired    to    decolorize'- 
methylene  blue.                    ) 

1.56 

6.00 

2.40 

5.85 

1.49 

3.63 

3.76 

5.75 

Jf. — The  "nitrite  nitrate"  test  is  best  where  the  time  and  equip- 
ment of  the  operator  will  permit.  The  minimum  time  required  is  30 
hours.    Its  advantages  over  the  dissolved  oxygen  test  are  as  follows: 

A. — There   is   always   a   definite  minimum   amount    (1.0   part   of 

nitrogen   as  nitrite   and  nitrate  equivalent  to   2.65   parts   of 

oxygen)   of  available  oxygen  left  in  the  sample. 
B. — It  gives  lower  available  oxygen  values  for  putrescible  samples 

and  higher  values  for  non-putrescible  samples,  as  shown  by 

the  mean  values  in  Table  6Q. 

A.    Elliott   Kimberly,   Esq.*    (by  letter). — As   Mr.    Gregory   has      Mr. 
limited  his  paper  chiefly  to  features   of  design   and   construction,    it     *"^  ^^^' 
seems  to  the  writer  that  it  may  be  of  interest  to  give  a  short  review 
of  some  of  the  broader  aspects  of  the  problem,  an  account  of  some  of 
the  preliminary  studies,  and  to  mention  a  few  points  regarding  fea- 
tures of  operation  and  results  accomplished. 

Both  the  Water  Purification  and  the  Sewage  Purification  Works 
represent  a  decided  advance  in  the  art  of  water  treatment  and  sewage 
purification  as  applied  to  large-scale  municipal  problems.  For  the 
first  time  in  the  United  States  water  is  softened  as  well  as  purified 
in  a  municipal  plant  of  large  capacity.  For  the  first  time  also, 
mechanical  filters  are  used  to  clarify  the  softened  and  settled  water, 
as  opposed  to  the  use  of  cloth,  presses,  and  rapid  filters  or  strainers 
composed  of  a  variety  of  materials. 

At  the  sewage  works  there  are  many  innovations  attributable  to  an 
intimate    knowledge    of    local    conditions    afforded    by    the    elaborate 
experimental  work  conducted  at  the  Columbus  Sewage  Testing  Station. 
*  Cons.  Engr.  and  Chemist,  Columbus,  Ohio. 
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Mr.  These  great  works  have  been  successful  in  solving  two  great  sani- 

'  ■  tary   problems,   and   reflect  great   credit   on   the   consulting  engineers 

responsible  for  the  type  of  construction  used,  and  on  the  designing 

engineer  responsible  for  the  details,  and  their  actual  construction  and 

completion  as  far  a5  the  operating  stage. 

Water  Purification  Works. — The  water  problem  at  Columbus,  as 
indicated  by  the  design  of  the  plant,  has  two  main  purposes,  namely, 
to  remove  the  bacteria  and  the  turbidity  from  the  river  water  and  to 
eliminate  a  portion  of  the  hardness.  For  many  years  Columbus  had 
a  high  typhoid  fever  death  rate,  due  to  the  polluted  character  of  the 
water  of  the  Scioto  River  from  which  the  major  portion  of  the  public 
water  supply  was  derived.  Studies  leading  to  an  improvement  in  the 
supply  were  necessarily  directed  toward  the  maintenance  of  a  potable 
water  at  all  times.  It  was  also  recognized  that  the  Scioto  Kiver, 
which,  at  times,  has  a  total  hardness  of  500  parts  per  million  because  of 
its  mineral  content,  was  not  satisfactory  for  a  public  water  supply 
without  softening,  even  though,  by  filtration,  it  should  be  rendered 
free  from  disease  germs.  The  hard  water  formerly  supplied  gave 
rise  to  the  general  use  of  soft  water  cisterns,  double  plumbing  in 
residences,  and  heavy  annual  outlays  on  the  part  of  property  owners 
for  repairs  to  rain-water  pumps  and  fixtures,  due  to  the  incrusting 
property  of  the  hard  public  supply. 

The  combined  softening  and  purification  of  a  river  water  of  vary- 
ing composition  was  practically  a  new  development  in  water  purifi- 
cation, and  naturally  required  certain  preliminary  studies,  especially 
with  regard  to  the  water-softening  features  and  their  application  to 
a  practical  municipal  plant.  Although  funds  were  not  available  to 
carry  out  such  exhaustive  tests  of  the  water-softening  problem  as  was 
the  case  with  regard  to  the  sewage,  yet,  in  connection  with  the  regular 
work  of  the  Testing  Station,  from  September  15th  to  December  31st. 
1904,  small-scale  tests  of  the  softening  of  the  Scioto  River  water  were 
made.  The  results  of  these  tests  were  submitted  to  Julian  Griggs. 
M.  Am.  Soc.  C.  E.,  then  Chief  Engineer  of  the  Board  of  Public  Serv- 
ice, in  a  report  prepared  by  George  A.  Johnson,  Assoc.  M.  Am.  Soc.  C.  E. 
In  this  report  there  were  a  number  of  suggestions  regarding  the 
design  and  operation  of  the  softening  devices,  many  of  which  are 
embodied  in  the  plant  as  ultimately  constructed  and  as  at  present 
operated.  It  may  be  of  interest,  therefore,  to  abstract,  from  this 
unpublished  report,  some  of  the  more  important  facts  brought  out 
by  these  tests,  as  follows: 

1. — The  presence  of  magnesium  in  the  Scioto  River  water  necessi- 
tates the  use  of  unusual  quantities   of  lime. 

2. — It  is  neitlier  possible  nor  practicable  to  reduce  the  alkalinity 
of  the  raw  Scioto  River  water  to  a  figure  much  lower  than  37  parts 
per   million. 


DISCUSSION  :  WATER  AND  SEWAGE  WORKS,  COLUMBUS,  OHIO      381 

S. — It  is  not  necessary  nor  wise  to  attempt  the  complete  removal      Mr. 
of  the  incrustants,  and  it  is  suggested  that  from  40  to  50  parts  per  Kimberiy. 
million  of  the  incrustants  be  allowed  to  remain  in  the  treated  water. 

Jf. — It  is  more  feasible  to  apply  the  lime  as  lime-water,  as  it  can 
be  kept  under  control  better  than  if  a  concentrated  susi^ension  of  lime 
were  used. 

5. — It  is  advisable  that  the  lime  be  added  to  the  water  a  sufficient 
period  of  time  prior  to  the  application  of  the  soda  ash  to  allow  of  a 
thorough  mixing  of  the  lime  witli  the  water.  This  procedure  will 
apparently  effect  a  more  complete  lime  reaction,  and  will  materially 
increase  the  efficiency  of  the  total  softening  action. 

6. — Indications  are  strong  that  the  minimum  period  of  reaction 
should  be  one  hour.  During  this  reaction  period  it  is  vitally  neces- 
sary that  the  water  be  kept  in  constant  agitation  in  order  to  maintain 
in  suspension  the  forming  precipitates. 

7. — The  tests  strongly  indicate  the  advisability  of  applying  the 
total  quantity  of  lime  required  for  the  total  quantity  of  water  to  a 
major  portion,  but  not  to  all,  of  the  raw  water.  They  also  indicate 
that  this  procedure  will  greatly  accelerate  the  initial  softening  reac- 
tions, will  effect  a  more  complete  removal  of  magnesium,  and  will 
tend  to  reduce  the  undesirable  feature  of  residual  causticity. 

8. — Subsequent  to  the  application  of  the  softening  chemicals,  set- 
tling basins  are  necessary  to  remove  a  substantial  percentage  of  the 
suspended  precipitates,  to  compensate  for  irregularities  in  the  appli- 
cation of  the  softening  chemicals,  and  to  complete  the  softening 
action. 

9. — To  guard  against  residual  causticity,  a  small  percentage  of 
raw  water  may  be  added  to  the  softened  water. 

10.- — The  design  of  the  devices  for  softening  the  water  should  be 
flexible,  particularly  with  regard  to  periods  of  subsidence  following 
periods  of  reaction,  and  prior  to  the  application  of  the  coagulated 
water  to  the  filters. 

Attention  to  these  features  regarding  the  softening  of  a  magne- 
sium water,  typified  by  that  in  the  Scioto  River,  is  the  explanation 
of  some  of  the  essentials  in  the  design  of  the  Columbus  plant.  These 
refer  to  the  splitting  of  the  discharge  of  the  low-service  pumps  at 
the  head-house,  a  portion  being  over-treated  with  lime  in  the  so-called 
saturators,  a  portion  being  discharged  directly  into  the  reaction  tanks, 
a  portion  being  applied,  together  with  the  soda  ash,  at  a  point  in  the 
reaction  tanks  one-fourth  of  the  distance  from  the  inlet,  and  a  small 
portion  being  capable  of  diversion  to  the  coagulating  basins  in  order 
to  prevent  an  excess  of  causticity  in  the  treated  water. 

The  well-known  fact  that  agitation,  together  with  the  forming 
precipitates  in  the  water  throughout  the  period  of  treatment,  is  very 
beneficial,  has  been  recognized  in  the  design  by  providing  reaction 
tanks  in  which  the  velocity  is  intended  to  be  sufficiently  great  to  main- 
tain in  suspension  the  greater  part  of  the  forming  magnesium  hydrate 
and  carbonate  of  lime. 
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Mr.  A  study  of  the  results  of  the  first  8  months  of  operation  at  the 

^^  '  Columbus  Water  Purification  Works,  as  presented  by  Mr.  Gregory, 
indicates  that  Columbus  now  has  a  satisfactory  public  water  supply, 
not  only  potable,  as  indicated  by  the  absence  of  disease  organisms, 
but  moderately  soft,  corresponding  in  hardness  to  that  of  the  public 
supplies  in  New  England  and  the  larger  cities  of  the  East. 

The  analytical  data  further  suggest  that  in  the  operation  of  the 
Columbus  Water  Purification  Works  there  are,  according  to  the  con- 
dition of  the  river,  two  distinct  types  of  treatment:  When  the  river 
is  in  flood,  as  indicated  by  the  high  turbidities,  the  quantity  of  soft- 
ening chemicals  required  is  greatly  reduced,  and  there  are  times  when 
the  raw  water  is  so  soft  that  no  lime  or  soda  ash  is  applied.  Under 
such  conditions  one  type  of  treatment  is  illustrated,  namely,  the 
removal  of  turbidity  and  bacteria,  the  usual  function  of  a  mechanical 
filtration  plant.  The  second  general  type  of  treatment  refers  to  times 
when  the  water  in  the  Scioto  River  is  of  low  turbidity  and  about  or 
above  the  average  hardness,  under  which  conditions  the  softening 
features  predominate.  Under  the  first  conditions,  the  coagulant,  sul- 
phate of  alumina  or  lime  and  iron  plus  sedimentation,  effects  the  clari- 
fication of  the  water  and  the  removal  of  the  bacteria.  In  the  second 
instance,  clarification  and  bacterial  removal  are  effected  by  the  com- 
bined action  of  lime  and-  soda  ash  plus  sedimentation,  assisted  occa- 
sionally by  the  secondary  application  of  small  quantities  of  coagulant. 

In  the  experimental  studies  of  the  water-softening  problem  at 
Columbus,  it  was  developed  that  at  times  the  Scioto  Piver  water  con- 
tains sufficient  magnesium  to  be  self-coagulating  on  the  addition  of 
lime,  and  that  magnesium  is  a  most  important  element  in  the  treat- 
ment of  the  water,  as  it  forms  a  gelatinous  precipitate  of  high  entrain- 
ing power  due  to  the  action  of  lime.  So  potent  is  the  water-softening 
precipitate,  under  normal  conditions,  that  a  very  high  removal  of 
bacteria  is  effected  by  the  settling  basins  alone.  A  practical  conclu- 
sion to  be  drawn  from  these  facts,  which  are  revealed  by  a  study  of 
the  operation  data  for  Columbus  and  as  observed  by  the  writer  at* 
the  municipal  water-softening  plant  at  Oberlin,  Ohio,*  is  that,  for 
hard  magnesium  waters  of  moderate  turbidity,  subsequent  filtration 
largely  refers  to  the  clarification  of  the  softened  and  settled  water 
and  less  to  the  removal  of  bacteria. 

During  floods  in  the  Scioto  River,  however,  a  reverse  condition 
appears  to  exist.  The  magnesium  in  the  raw  water  falls  to  a  small  quan- 
tity, the  natural  coagulant  is  absent,  and  there  are  necessary  the  usual 
practices  in  the  operation  of  mechanical  filter  plants  under  flood 
conditions,  with  accompanying  high  numbers  of  bacteria  and  high 
turbidity  in  the  raw  water.  Under  these  conditions  dependence  is 
placed  on  the  filters  to  supplement  the  bacterial  removal  accomplished 
*  Special  Report.   OJiio  State  Board  of  Health,  1908,  p.  353. 
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by  the  settling  basins,  as  is  the  case  in  the  operation  of  filter  plants      Mr. 
which  include  no  water-softening  features.  "^  ^^  ^' 

There  is  another  feature  regarding  the  water  treatment  at  Colum- 
bus which  appears  to  merit  some  attention,  that  is,  the  over-treatment, 
as  provided  by  the  design.  Small-scale  tests,  carried  out  at  the 
Sewage  Testing  Station,  indicated  strongly  that  the  speed  of  the  soft- 
ening would  be  higher,  and  that  the  net  efficiency  of  the  softening 
treatment  would  be  greater,  if  a  portion  of  the  water  were  over- 
treated  with  lime.  Under  ordinary  conditions,  such  a  practice  develops 
a  copious  magnesium  flock,  and  causes  the  formation  of  a  marked 
precipitate  in  that  portion  of  the  water  thus  over-treated,  with  a 
result  that  the  softening  of  the  remainder  of  the  water  is  accomplished 
much  more  thoroughly  and  speedily. 

It  is  a  comparatively  simple  matter  to  soften  a  water  of  constant 
composition,  for  example,  a  deep-well  supply,  and  it  is  accomplished 
readily  by  numerous  proprietary  devices  now  on  the  market.  When 
the  hard  water,  however,  is  a  river  water,  subject  to  frequent  rapid 
and  extreme  changes  in  chemical,  bacterial,  and  physical  character- 
istics, the  control  of  a  water-softening  plant  requires  constant,  careful, 
and  expert  supervision,  and  experienced  judgment.  The  excellent 
results  which  have  been  obtained  at  the  Columbus  Water  Purification 
Works,  seem  to  the  writer  to  reflect  great  credit  on  the  superintendent 
in  charge  of  its  operation.  The  Columbus  plant  has  the  best  of  facili- 
ties for  the  examination  of  the  treated  water  at  different  stages  in 
the  process,  and,  by  standard  methods  of  analysis,  its  operation  is 
most  carefully  watched,  the  result  being  that  the  citizens  of  Columbus 
are  obtaining  an  excellent  supply  of  drinking  water,  remarkably  free 
from  bacteria  and  intestinal  organisms,  and  of  good  appearance. 

Others  will  probably  discuss  the  marked  reduction  in  typhoid  fever 
and  in  general  mortality  brought  about  by  this  much-needed  municipal 
improvement.  It  occurs  to  the  writer,  however,  to  n  ention  (as  stated 
in  the  report  of  the  Local  Board  of  Health  for  1909)  that  there  were 
170  deaths  from  typhoid  fever  in  Columbus  in  1908,  and  only  20 
deaths  in  1909.  On  the  basis  of  a  population  of  178  000  in  1908  and 
186  500  in  1909,  this  represents  a  reduction  from  95.5  to  10.7  per 
100  000 — certainly  a  most  striking  testimonial  to  the  great  value  of  a 
pure  public  water  supply. 

Sewage  Purification  Works. — The  great  value  of  the  preliminary 
experiments  at  Columbus  seems  to  the  writer  to  be  clearly  demon- 
strated when  one  considers  the  variety  of  projects  proposed  for  the 
solution  of  this  sewage  problem  and  the  considerable  saving  in  cost 
made  possible  by  a  plant  in  which  close  knowledge  of  local  conditions 
was  directly  applied  in  its  design. 

In  considering  the  status  of  the  art  of  sewage  purification  prior  to 
the  experiments  at  the  Columbus  Sewage  Testing  Station  in  1904-05, 
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Mr.  it  will  be  recalled  that  while  treatment  of  crude  or  settled  sewage 
Kunberiy.  ^^  filters  Constructed  of  fine-grained  material  had  been  developed 
thoroughly  from  the  scientific  side  at  Lawrence,  and  in  practice  in 
many  New  England  cities,  processes  applicable  to  large-scale  prob- 
lems for  inland  cities,  where  the  glacial  drift  formation  is  absent, 
had  scarcely  passed  the  experimental  stage,  save,  perhaps,  from  numer- 
ous somewhat  conflicting  experiences  in  England  with  combinations 
of  sedimentation  devices  and  filters  of  coarse  grain,  variously  operated. 

There  can  be  no  question  of  the  direct  bearing  of  the  results  of  the 
experiments  at  the  Columbus  Testing  Station  upon  the  design  of  the 
present  plant,  and,  considering  more  recent  developments  at  Balti- 
more, Reading,  Washington,  Pa.,  and  at  a  number  of  other  places, 
the  results  have  influenced,  in  a  large  measure,  the  design  of  later 
plants  intended  to  cope  with  sewage-treatment  problems  of  considera- 
ble magnitude. 

The  uncertainties  in  the  application  of  the  practice  current  at 
that  time  to  the  Columbus  problem  are  well  illustrated  by  noting  that 
all  the  consulting  engineers  employed  at  Columbus  prior  to  1904  sug- 
gested the  construction  of  a  part  of  the  plant  at  first,  and  that  the 
entire  works  be  completed,  provided  the  initial  installation  proved 
satisfactory.  It  is  interesting  to  recall  that  this  practice  has  been 
quite  common  in  England  since  the  beginning  of  the  coarse-grained 
filter  era  of  sewage  treatment,  dating  from  1892  or  thereabouts. 

In  discussing  the  historical  side  of  the  problem  at  Columbus,  Mr. 
Gregory  has  apparently  overlooked  the  fact  that  in  1900,  two  years 
after  Messrs.  Griggs  and  Alvord  submitted  their  report  recommending 
screening  and  double  filtration  through  coke,  the  Board  of  Sewer  Com- 
missioners submitted  for  the  consideration  of  the  State  Board  of 
Health  the  proposition  to  pass  the  Columbus  sewage  through  twelve 
septic  tanks,  each  of  500  000  gal.  capacity.  This  project  was  disap- 
proved by  the  Board  for  the  following  reasons*: 

"First — That  there  would  be  a  possibility  of  open  septic  tanks  of 
the  size  proposed  creating  a  nuisance. 

"Second — That  the  septic  tanks  alone  would  not  prevent  pollution 
of  the  river  at  times  of  low  water. 

"Third — ^That  the  cost  of  artificial  filters  necessary  to  purify  the 
septic  tank  effluent  would  be  excessive  and  the  life  of  such  filters 
would  be  uncertain. 

"Fourth — That  there  was  a  lack  of  exact  scientific  knowledge  as 
to  the  septic  tank  process  under  varying  conditions  and  with  different 
sewages." 

The  Board  strongly  urged  an  experimental  study  of  the  problem 
in  order  to  determine  the  character  of  the  Columbus  sewage  and  the 
best  method  of  purifying  it.     Later,  the  Board  approved  Mr.  Hering's 
*  Report  of  Ohio  State  Board  of  Health,  1905,  p.  128. 
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plan  for  septic  tanks  and  sand  filters,  but  advised  a  partial  installa-      Mr. 
tion,  with  a  view  to  practical  experimentation.  '™  ®'  ^' 

It  has  seemed  to  the  writer  that  it  may  be  of  interest  again  to 
state  some  of  the  more  important  results  of  the  Columbus  experiments^ 
especially  those  which  have  largely  controlled  the  design  of  the  plant. 
The  following  are  among  the  important  features  regarding  which  sound 
data  were  developed  at  the  Testing  Station : 

i. — Volume  of  sewage  flow. 

a. — Average,     h. — Dry-weather,     c. — Storm. 

2. — Composition  of  the  Columbus  sewage. 

a. — Strength,     h. — Influence  of  manufactural  wastes. 
■  3. — Maximum  economical  removal  of  suspended  matter  by  various 
preparatory   treatments. 

4. — Economical  period  of  flow  in  settling  tanks. 

5. — Advisability  of  flexible  settling-tank  design,  and  arrangement 
of  tanks  on  the  compartment  plan. 

6. — Substantial  agreement  of  plain  sedimentation  and  the  septic 
process  as  regards  the  removal  of  suspended  matter. 

7. — Absence  of  over-septicization  tendencies  in  the  Columbus  sew- 
age in  tanks  holding  a  24-hour  flow. 

8. — Non-appearance  of  well-defined  scum  upon  the  septic  tanks. 

9. — Absence  of  marked  odors  from  the  septic  tanks. 

10. — Feasibility  of  sludge  disposal  by  dilution  in  the  Scioto  River 
during  flood  stages. 

11. — Quantity  of  accumulating  sludge  to  be  expected  from  the 
several  preparatory  treatments. 

12. — Impracticability  of  coke  strainers,  on  account  of  rapid  clog- 
ging. 

13. — Impracticability  of  chemical  precipitation  for  Columbus  con- 
ditions. 

IJf. — Feasibility  of  treating  screened  and  settled  sewage  on  sand 
filters  at  a  rate  of  from  250  000  to  300  000  gal.  per  acre  in  24  hours. 

16. — Impracticability  of  satisfactory  results  from  single  contact 
filters  of  broken  stone,  5  ft.  thick,  at  rates  greater  than  600  000  to 
700  000  gal.  per  acre  in  24  hours. 

16. — Feasibility  of  obtaining  a  non-putrescible  effluent  by  applying 
screened  and  settled  Columbus  sewage  to  sprinkling  filters  of  broken 
stone,  5  ft.  in  depth,  the  sewage  applied  by  stationary  nozzles  under  a 
head  of  4.0  ft. 

17. — Feasibility  of  operating  open  sprinkling  filters  under  winter 
conditions  in  Columbus. 

18. — Ability  of  sprinkling  filters  to  unload  stored  clogging  matters 
and  thus  make  the  period  of  their  usefulness  longer  than  is  true  of 
contact  filters  under  similar  conditions. 

19. — Feasibility  of  improving  the  appearance  of  the  effluents  of 
the  sprinkling  filters  by  a  short  period  of  sedimentation. 

Carefully  weighing  the  available  evidence,  Mr.  Johnson  recom- 
mended preliminary  clarification  of  the  screened  sewage  in  basins 
holding  about  8  hours'  flow,  purification  of  this  screened  and  settled 
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Mr.  sewage  on  sprinkling  filters,  5  ft.  deep,  to  which  the  sewage  was  to  be 
Kimberiy.  ^ppjjg^j  ^^  ^j^  average  net  rate  of  2  000  000  gal.  per  acre  per  24  hours, 
and  final  clarification  of  the  effluent  from  the  sprinkling  filters  in 
basins  holding  an  average  flow  of  about  2  hours.  Broadly  speaking, 
such  are  the  principal  features  recommended  by  the  consulting  engi- 
neers. 

Commenting  on  the  analyses  illustrating  the  daily  results  accom- 
plished by  the  plant  from  January  to  August,  1909,  Mr.  Gregory 
alludes  to  a  possibly  severe  interpretation  of  the  test  used  at  the  plant 
to  indicate  the  efficiency  of  the  works  in  converting  to  a  stable  form 
the  organic  matters  dissolved  in  the  crude  Columbus  sewage.  It  does 
not  seem  surprising  that  the  purification,  in  the  early  history  of  the 
operation  of  the  Columbus  plant,  was  perhaps  not  as  high  as  desirable. 
The  necessity  for  the  time  element  or  the  ripening  period  in  sewage 
filters  is,  of  course,  well  understood,  and,  to  the  writer,  the  analytical 
data  shown  in  the  paper  clearly  illustrate  this  feature.  Furthermore, 
it  is  to  be  recalled  that  in  the  early  operation  of  the  plant  winter  con- 
ditions prevailed,  and  these  generally  tend  to  lower  the  efficiency  of 
purification  works,  even  when  such  works  have  become  matured  by 
long  service. 

A  study  of  the  tabulated  analytical  data  in  the  paper  will  suggest 
a  steady  improvement  in  the  character  of  the  final  effluent  from  the 
plant  as  its  period  of  service  increased  and  as  warmer  temperatures 
increased  the  bacterial  activity. 

During  the  work  at  the  Testing  Station  a  number  of  studies*  were 
directed  toward  the  question  of  putrescibility  and  the  possibility  of 
an  interpretation  of  the  ordinary  analytical  data  to  indicate  the  ulti- 
mate stability  of  the  effluent.  These  studies  aimed  to  correlate  the 
quantity  of  oxygen  required  to  render  stable  the  readily  putrescible 
matters  in  the  effluent,  and  the  quantity  of  oxygen  present  in  the 
effluent  as  free  dissolved  oxygen,  nitrites  and  nitrates,  or  what  may  be 
called  the  "available  oxygen."  It  was  found  that  the  required  oxygen 
indicating  the  readily  putrescible  matters  is  very  closely  20%  of  the 
oxygen  consumed ;  that  the  available  oxygen  is  the  sum  of  that  present 
as  nitrites  and  nitrates  together  with  an  uncertain  percentage  of  dis- 
solved gaseous  oxygen. 

In  Table  67  the  analytical  data  in  Mr.  Gregory's  paper  are  arranged 
to  indicate  the  oxygen  required  to  overcome  putrescence  and  that 
available  for  this  purpose  from  the  sources  above  mentioned.  The 
data  are  presented  as  weekly  averages  from  January  1st,  to  June  10th, 
1909,  that  is,  up  to  the  time  nitrites  and  nitrates  ceased  to  be  sepa- 
rately determined.  The  results  in  the  table  are  expressed  in  parts  of 
oxygen  per  million.     The  required  oxygen  is  considered  to  be  20% 

*  Journal,  Infect.  Dis.  Sup.  No.  2,  Feb.,  1908,  pag'es  89-95. 
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of  the  oxygen  consumed.     Nitrite  and  nitrate  oxygen,  respectively,  are      Mr. 
computed  by  multiplying  the  reported  results  by  the  respective  factors,    ^^  ^^^' 
1.71  and  2.86.  The  sum  of  these  two  products  plus  a  varying  percentage 
of  the  dissolved  gaseous  oxygen  appears  to  be  the  potential  protection 
of  the  effluent  against  putrefactive  tendencies. 

It  is  not  the  intention  to  discuss  the  putrescibility  features,  nor 
to  contrast  deductions  from  these  chemical  data  with  the  odor  tests 
shown  in  the  paper,  but  to  illustrate  the  gradual  improvement  in  the 
character  of  the  effluent  from  the  sprinkling  filters  under  continued 
operation  and  with  the  advent  of  warmer  weather.  The  oxygen  data 
in  Table  67  strikingly  indicate  the  maturing  feature  and  a  gradual 
gain  in  available  oxygen,  and  therewith  a  reduction  in  the  required 
oxygen.  It  is  interesting  to  note  the  marked  effect  on  the  character 
of  the  effluent  due  to  the  rest  of  8  days  in  the  latter  part  of  February 
and  of  4  days  in  May. 

TABLE  67. — Purification  Effected  by  Columbus  Sewage  Purifica- 
tion Works,  by  Weeks,  January  1st  to  June  10th,  1909,  as 
Indicated  by  Quantity  of  Oxygen  Present  as  Dissolved  Nitrites 
and  Nitrates,  Respectively,  Together  with  Computed  Quantity 
OF  Oxygen  Required  to  Overcome  Putrescence. 


Average  minimum 

air  temperature, 

in 

degrees  Fahrenheit. 

Oxygen,  in  Parts  per  Million. 

1909. 

Nitrites, 

Nitrates. 

1.4 

1.3 
1.8 
2.9 
2.5 
3.4 
5.4 

2l".7 
17.2 
13.4 

4.3 

6.6 

3.5 
10.3 

5.1 

5.4 

ii'.4 

5.7 
5.1 

8.3 

Dis- 
solved. 

Nitrites 

+ 
nitrates. 

Re- 
quired.* 

Nitrites 

4- 
nitrates 

+ 
dissolved 
oxygen. 

Jan. 1-7 

25 
20 
27 
40 
18 
31 
27 
33 
33 
35 
28 
32 
33 
40 
35 
49 
38 

'si' 

54 
62 
63 

0.2 
0.2 
0.3 
0.4 
0.4 
0.9 
1.2 

'i!7 

1.5 
1.4 
1.0 
0.6 
0.5 
1.4 
1.0 
1.0 

lA 
1.4 

0.9 
1.0 

3.8 
5.0 
4.7 
3.9 
7.8 
6.7 
6.3 

ii!2 

10.4 
10.4 
HA 
8.5 
5.9 
9.4 
5.9 
4.1 

'8!8 
7.3 
6.8 
7.3 

1.6 
1.5 
2.1 
3.3 
2.9 
4.3 
6.6 

23.4 

18.7 

14.8 

5.3 

7.2 

4.0 

11.7 

»       6.1 

6.4 

12.8 
7.1 
6.0 
9.3 

6.5 
6.9 
6.1 
5.2 
5.7 
4.6 
3.2 

"3!6 

3.8 
3.0 
4.2 

2.8 
3.0 
3.0 

2.6 

2.8 

'3!6 

2.6 
2.4 

2.8 

5.4 

Jan.  8-14 

6.5 

Jan  15-21 

6.8 

Jan.  22-28 

Jan.  29-Feb.  4 

Feb.  .5-11 

7.2 
10.7 
11.0 

Feb.  12-18 

12.9 

Feb.  19-25 

Feb.  26-Mar.  4t 

Mar.  5-14 

Mar.  12-18 

34.6 
29.1 

25.2 

Mar.  19-25 

13.7 

Mar.  26-Apr.  1 

Apr.  2-8 

15.7 
9.9 

Apr.  9-15 

21.1 

Apr.  16-22 

12.0 

Apr.  23-29 

9.5 

Apr.  30t-May6 

May  7-13^ 

May  14-20 

21.6 

May  21-27 

14.4 

May  28-June3 

June  4-10 

12.8 
16.6 

*  Oxygen  consumed  X  0.2.      t  Filters  rested,  February  21st  to  3Sth,  inclusive.      J  Filters 
rested,  May  1st  to  4tb,  inclusive.        §  Filters  rested.  May  10th  to  13th,  inclusive. 
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Mr.  Considering    the    analytical    control    under    which    the    Columbus 

Kimberly.      ,  .  ,     .      .  ,        ,  if  i 

plant  IS  operated,  it  is  apparent  (and  true  also  oi  many  other  sewage 
plants  and  of  investigations  of  the  sewage  purification  problem,  both 
in  experiment  stations  and  in  practical  plants  in  actual  operation) 
that  particular  attention  is  directed  to  what  may  be  called  the  scien- 
tific phase  of  the  purification  accomplished.  That  is  to  say,  the  merits 
of  the  plant  are  judged  by  the  actual  keeping  qualities  of  the  effluent 
per  se,  without  regard  to  the  practical  results  which  the  plant  produces 
with  respect  to  the  stream  it  has  been  designed  to  protect.  It  seems 
to  the  writer  that  more  weight  should  be  attached  to  the  examination 
of  streams  above  and  below  the  outlets  of  sewage  purification  works 
than  has  been  true  in  the  past.  In  other  words,  it  would  appear  desir- 
able to  obtain  more  definite  information  than  now  appears  to  exist 
regarding  the  stream  which  receives  the  plant  effluent,  especially  dur- 
ing those  periods  when,  Mdthout  the  plant,  a  serious  nuisance  would 
develop. 

It  is  apparent  that,  in  the  case  of  the  Columbus  plant,  the  required 
degree  of  purification  may  vary  widely  from  that  of  mere  screening 
during  floods  to  treatment  on  sprinkling  filters,  respectively,  with  and 
without  sedimentation  of  the  effluent  from  the  sprinkling  filters  as  a 
final  step.  Measurements  of  stream  flow  and  periodic  analyses  of  the 
stream  above  and  below  the  plant  seem  to  the  writer  particularly  desir- 
able, and  this  information  may  readily  be  secured  at  large  plants  where 
technical  supervision  is  available.  Possibly  the  discussion  of  operation 
data  by  the  officials  in  charge  may  throw  some  light  on  the  matter, 
regarding  conditions  at  the   Columbus  plant. 

Through  personal  observation,  the  writer  considers  that  there  can 
be  no  question  that  the  Columbus  sewage  works  have  abated  the  nui- 
sance which  for  a  number  of  years  existed  in  the  Scioto  River  below 
the  former  outlet  of  the  intercepting  sewer.  Information  available 
from  the  continued  operation  of  the  Columbus  plant  is  of  great  value 
in  advancing  knowledge  of  the  treatment  of  sewage  by  sprinkling 
filters,  especially  as  the  solution  of  sewage  disposal  problems  involv- 
ing public  nuisances  in  smaller  watercourses  is  becoming  more  and 
more  important  in  the  Middle  West,  where  the  high  cost  of  fine-grained 
filtering  material  generally  necessitates  other  methods  of  sewage  treat- 
ment than  the  well-understood  sand  filtration  process  adaptable  to 
conditions  in  the  East. 

Mr  Samuel  Eideal,  Esq.*  (by  letter). — As  a  record  of  the  experience 

Rideal.        .,,.  ir»  n  •  i  •  •  tt- 

gamed  during  the  lirst  year  oi  service,  this  paper  is  exceedingly  in- 
teresting, and  the  City  of  Columbus  is  to  be  congratulated  on  obtain- 
ing in  so  short  a  time  such  a  great  improvement  in  its  water  supply, 
and  on  the  ability  which  has  been  shown  in  the  construction  and 
management  of  the  water  and  sewage  works. 

*  Cons.  Chemist,  London.  England. 
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At  present  the  writer  understands  that  the  raw  water  is  treated  with  Mr. 
a  considerable  quantity  of  chemicals,  comprising  solutions  of  lime, 
soda  ash,  and  coagulant  (sulphate  of  iron  or  sulphate  of  alumina),  and 
then  settled,  as  is  done  in  ordinary  processes  of  treatment  for  in- 
dustrial purposes,  and  that  finally,  "when  desired,"  a  small  quantity 
of  raw  water  is  added  prior  to  filtration,  in  order  to  eliminate  traces 
of  caustic  alkalinity.  That  some  such  expedient  was  necessary  is 
shown  by  the  fact  that  during  the  first  three  months  the  caustic 
alkalinity  in  the  filtered  water  was  often  20  parts  per  million  or  more, 
reaching,  in  one  case,  37  parts;  though  in  the  latter  period  it  was 
usually  absent.  A  well-known  rule  in  the  trade  treatment  of  water  is 
that  the  reagents  shall  be  adjusted  so  that  the  product  will  not  show 
any  caustic  reaction  with  phenolphthalein,  and  this  appears  to  be 
still  more  important  in  the  case  of  drinking  water;  in  this  case,  it  is 
questionable  whether  the  addition  of  raw  water  is  an  allowable  method 
of  attaining  the  object. 

In  the  two  mixing  tanks,  the  management  of  the  supplies  and  the 
arrangement  of  the  baffles  to  prevent  sedimentation  and  to  keep  the 
solids  in  suspension  until  the  chemical  reactions  are  completed,  seem 
to  be  especially  good.  Examining  the  analytical  figures,  for  February, 
1909,  in  Table  12,  the  writer  notices  that  although  the  Scioto  River 
is  pronounced  to  be  "hard,"  its  total  and  permanent  or  "incrustant" 
hardness  are  generally  about  the  same  as  those  of  the  Thames,  and  of 
a  degree  which,  in  England,  would  not  demand  any  softening  for  a 
general  supply;  it  is  also  noted  that  the  use  of  soda  ash  in  addition  ' 
to  lime  and  coagulant  has  the  advantage  of  not  increasing  the  perma- 
nent hardness  (incrustants),  as  lime  and  coagulant  alone  do;  on  the 
other  hand,  it  has  replaced  the  natural  (carbonate  of  lime)  alkalinity 
of  the  water  by  an  average  of  30  parts  per  million  of  carbonate  of 
soda,  and,  of  course,  also  produces  sulphate  of  soda.  Such  a  change 
is  here  probably  of  no  great  hygienic  importance,  but  a  short  time 
ago,  in  a  discussion  of  the  purification  at  Steelton,  Pa.,*  the  writer 
suggested  sodium  aluminate  as  effecting  softening  and  clarification 
with  an  addition  of  less  chemicals  to  the  water.  It  is  clear  that  this 
substance  dispenses  with  all  the  sulphuric  acid  of  the  aluminium  or 
iron  sulphate,  together  with  the  soda  or  lime  often  required  to 
neutralize  it.  The  aluminate  was  strongly  recommended  by  Mabery 
and  Baltzley,t  in  1899,  as  fulfilling  all  the  conditions  for  softening 
and  clarification.  Lack  of  time  prevents  the  writer  from  discussing 
other  points  in  connection  with  this  agent. 

A  hint  in  the  paper  as  to  the  principles  on  which  the  chemicals  are 
applied  would  have  been  welcome;  it  is  evidently  not  in  proportion  to 
the  turbidity,  as  in  February,  1909,  the  latter  was  256,  in  April,  102, 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  LXVI,  p.  208. 
1  Journal,  Am.  Chem.  Soc,  Vol.  XXI,  p.  23. 
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Mr.  and  in  May,  196,  while  the  respective  quantities  of  coagulant  used 
Ridea .  ^^  those  months  were  1.8,  2.4,  and  3.9  grains  per  gallon.  The  only 
explanation  is  that  "the  chemical  solutions  are  fed  automatically  in 
proportion  to  the  quantity  of  raw  water  pumped  into  the  head-house." 
No  organic  analyses  of  the  water  are  given.  It  is  noted  that  B.  Coli 
was  present  in  60  cu.  cm.  of  the  filtered  water  on  20  days  during  the 
8  months  recorded. 

The  difficulty  caused  by  the  water  increasing  rapidly  in  turbidity 
in  periods  of  flood  while  decreasing  in  hardness,  and,  therefore,  at  the 
same  time,  undoubtedly  altering  greatly  in  bacterial  character,  points 
to  the  disadvantage  of  a  system  sometimes  adopted,  and,  perhaps,  in 
this  case,  hard  to  avoid,  of  converting  the  river  itself  into  a  reservoir, 
ponding  it  by  means  of  a  dam,  and  necessarily  receiving  all  the  flood 
water  without  control.  The  construction  of  lateral  storage  reservoirs 
on  the  Scioto,  as  on  the  Thames  and  other  rivers,  might  be  worthy  of 
consideration;  this  would  allow  more  time  for  sedimentation,  would 
equalize  the  quality,  and  would  provide,  as  Houston  and  others  con- 
tend, for  the  natural  elimination  of  pathogenic  organisms.  However, 
as  it  is  known  that  B.  Coli,  and  presumably  also  more  dangerous  forms, 
are  not  certainly  removed  by  sand  filtration,  it  would  be  better  to 
save  time  and  expense,  and  attain  security  by  practical  sterilization 
with  chlorine  or  ozone,  since  the  experience  of  their  success  is  so 
general.  Such  a  procedure  is  supported  by  J.  M.  Diven,  Assoc.  Am. 
Soc.  C.  E.,  in  the  recent  discussion  on  Mr.  Fuertes'  paper.*  The 
Lawrence,  Mass.,  report  of  1904,  may  also  be  quoted:  "with  the  city 
mechanical  filter,  using  sulphate  of  alumina  as  a  coagulant,  the  tests 
for  Coli  in  the  filtered  water  were  frequently  positive." 

The  special  points  in  the  arrangement  of  the  sewage  works  at 
Columbus  seem  to  be  the  passage  of  the  sewage  through  two  sets  of 
septic  tanks,  "primary"  and  "secondary,"  and  the  provision  of  final 
settling  basins  with  scum-boards.  Even  with  these  amplifications, 
the  suspended  solids  reach  an  average  of  46  parts  per  million,  which  is 
higher  than  the  limit  regarded  as  generally  satisfactory  by  the  British 
Royal  Commission,  namely,  30  parts,  while  such  heavy  figures  as 
364  and  740  occur  in  the  effluent  from  the  filters,  and  67  in  that  from 
the  final  settling  basins.  The  tables,  however,  show  that,  on  the  whole, 
the  results  at  the  works  are  improving. 
Mr.  Alexander  Potter^  Assoc.  M.  Am.   Soc.   C.  E. — Those  who  have 

visited  the  public  improvements  at  Columbus,  Ohio,  cannot  but  express 
their  appreciation  of  Mr.  Gregory's  very  complete  description  of  the 
work  constructed  under  his  supervision.  It  is  to  be  regretted,  however, 
that  the  author  did  not  see  his  way  clear  to  co-operate  with  those 
responsible  for  the  design  of  the  plant  and  with  those  in  charge  of  the 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  LXVI,  p.  215. 
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plant  during  the  first  year's  operation  in  order  to  include  the  opera-  Mr. 
tors'  complete  analysis  of  the  results  obtained,  and  also  the  designing 
engineers'  interpretation  of  these  results.  The  correlative  study  of 
the  constructed  work,  with  the  results  expected  and  those  obtained  from 
such  works,  would  undoubtedly  call  for  a  more  responsive  and  more 
valuable  discussion,  for,  in  the  speaker's  opinion,  there  is  little  that 
is  essentially  new  at  Columbus,  which  cannot  be  discussed  more  intelli- 
gently from  the  standpoint  of  the  results  expected  and  those  obtained. 

In  studying  results  of  the  plant  the  first  item  requiring  comment 
is  the  bacterial  reduction  in  the  settled  water  and  the  occasional  col- 
lapse of  the  settling  basins  as  a  means  for  the  removal  of  bacteria. 
An  examination  of  Table  12  shows  that,  on  February  17th,  the 
river  water  contained  100  000  bacteria,  while  the  settled  water  con- 
tained 50  000.  On  March  1st,  the  river  water  contained  32  500, 
while  the  settled  water  contained  17  000.  On  April  24th,  the  river 
water  contained  1  250,  while  the  settled  water  contained  5  000.  On 
May  12th,  while  the  river  water  contained  35  000,  the  settled  water 
contained  36  500.  When  it  is  remembered  that  the  settling  basins, 
outside  of  these  unusual  conditions,  will  remove  95%  of  the  bacteria, 
it  will  be  extremely  valuable  to  have  the  opinion  of  those  responsible 
for  the  design  of  the  plant  as  to  the  cause  or  causes  of  these  anomalous 
conditions,  and  a  suggestion  as  to  the  remedy.  An  examination  of 
the  tables  will  also  show  that  the  conditions  at  work  to  bring  about 
these  unusual  results  in  the  settling  tank  were  of  such  a  nature  as  to 
cause  the  collapse  of  the  filter  itself.  For  instance,  on  May  9th,  there 
were  320  bacteria  in  the  river  water,  7  500  in  the  settled  water,  and 
5  850  in  the  filtered  water.  On  April  25th  there  were  2  000  bacteria 
in  the  river  water,  1  000  in  the  settled  water,  and  1  250  in  the  filtered 
water. 

An  explanation  of  the  occasional  collapse  of  the  settling  basins  in 
the  performance  of  their  work  may  be  the  accumulation  of  the  sludge 
on  the  side  slopes  sloughing  off  over  large  areas  of  the  basins.  There 
is  deposited  daily  in  the  settling  basin  60  000  lb.  of  clay  and  chemical 
precipitates.  On  the  assumption  that  the  sludge  is  90%  water,  there  is 
deposited  on  these  side  slopes  daily  an  amount  of  sludge  varying  from 
If  in.  at  the  bottom  to  zero  at  the  top,  at  least,  in  the  basin  in  which 
the  treated  water  is  first  introduced.  It  is  hardly  conceivable  that 
this  material  would  move  uniformly  and  continuously  down  the  slope, 
and  it  is  difficult  to  know  just  how  thick  a  deposit  would  occur  on  the 
sloping  sides  of  the  settling  basin  before  it  would  slough  off.  On 
more  than  41%  of  the  total  area  of  the  settling  basin  the  sludge  £alls 
on  the  slopes;  while,  in  the  first  basin  into  which  the  water  is  intro- 
duced, 68%  of  the  area  over  which  precipitation  occurs  consists  of 
side  slopes.  It  must  also  be  remembered  that  a  portion  of  these  side 
slopes  is  paved  with  stones,  offering  a  better  medium  for  the  retention 
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Mr.     of  the   sludge  for   a  longer  time   than   if   the   slope   walls   were   con- 

^^'  structed  with  a  smooth  concrete  surface.     Under  these  conditions,  it 

is  inconceivable  that  the  sludge  collecting  on  the  slopes  should  flow 

uniformly  to  the  bottom  of  the  basins.     If  it  descends  en  masse,  it  will 

doubtless  cause  trouble. 

The  changes  in  temijerature  of  the  water  are  not  sufficient  to  cause 
an  overturning  of  the  water  and  the  disturbance  of  the  sludge  in  the 
bottom,  and  thus  explain  the  sudden  rise  in  the  number  of  bacteria  in 
the  settled  water,  although  the  temperature  might  have  had  some- 
thing to  do  with  the  collapse  in  February,  when  the  conditions  shown 
in  Table  G8  were  found. 

TABLE  68. 


Day  of 

Temperature,  in 
Degrees  Fahrenheit: 

Bacteria 

PER  Cubic  Centimeter: 

month. 

Air. 

Water  in 
settling  basin. 

River  water. 

Settled  water. 

Filtered  water. 

Feb.  14,  1909 

Feb.  15,  1909 

Feb.  16,  1909 

Feb.  17,  1909 

Feb.  18,  1909 

45 
33 
26 
22 
33 

39 
37 
37 
25 
35 

17  500 
16  000 
50  000 
100  000 
60  100 

400 

50 

250 

50  000 

1  000 

15 
6 

80 
500 
800 

The  speaker  had  hoped  that  the  results  obtained  at  Columbus  would 
corroborate  those  obtained  at  the  water-softening  plant  at  McKees- 
port,  Pa,,  where  the  turbidity  in  the  raw  water  is  practically  elimi- 
nated in  the  settled  water,  and  where  a  high  percentage  of  removal 
of  bacteria  in  the  settled  water  is  uniformly  obtained.  A  corrobo- 
ration of  these  results  might  point  the  way  to  the  elimination  of  the 
filter  where  water-softening  processes  are  in  use,  its  place  being  taken 
by  sterilization  with  hypochlorite  of  lime  or  soda.  The  purification 
obtained  in  the  settling  basins  in  the  McKeesport  plant  was  of  a 
higher  degree  than  that  obtained  at  Columbus,  but  whether  this  more 
favorable  result  was  due  to  the  difference  in  the  design  or  the  presence 
of  a  natural  coagulant  in  the  water  at  McKeesport,  the  speaker's  inves- 
tigations have  not  covered  a  sufficient  period  to  enable  him  to  state 
authoritatively  at  present.  The  principal  differences  in  the  design  of 
the  settling  tank,  which  may  be  responsible  for  the  better  results  at 
McKeesport,  are  as  follows :  The  omission  of  sloping  walls ;  provision 
for  the  removal  of  sludge  without  emptying  the  basins;  a  means  for 
removing  sludge  from  those  portions  of  the  bottom  where  the  depth 
of  deposit  demands  it,  without  disturbing  the  remainder  of  the  set- 
tling basin;  the  arrangement  of  the  tanks  so  that  the  velocity  through 
them  is  60%  less  than  the  velocity  through  those  at  Columbus.  If 
sterilization  of  the  treated  water  was  found  to  yield  a  satisfactory  efflu- 
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ent  without  filtration,  approximately  40%  of  the  cost  of  constructing     Mr. 
the  Columbus  plant  could  have  been  saved,  and  the  cost  of  operation 
could  have  been  reduced  fully  30  per  cent.     It  is  a  problem  worthy 
of  careful  consideration. 

Turning  to  the  sewage  disposal  problem,  it  is  interesting  to  note 
the  close  similarity  between  the  results  predicted  for  the  septic  tanks, 
from  the  experimental  work  conducted  under  the  direct  supervision 
of  George  A.  Johnson,  Assoc.  M.  Am.  Soc.  C.  E.,  on  behalf  of  the  City 
of  Columbus,  and  tlie  actual  results  obtained  in  practice.  It  was  stated, 
as  a  result  of  these  experiments,  that  about  two-thirds  of  the  suspended 
matter  could  be  removed  by  the  septic  tanks.  According  to  the  actual 
results  obtained,  about  60%  of  this  suspended  matter  is  removed.  It 
will  be  interesting  to  know  whether  this  reduction  was  brought  about 
by  using  these  tanks  as  straight  septic  tanks,,  or  whether  they  were  used 
along  the  general  lines  recently  adopted  in  other  cities  in  an  effort  to 
evade  the  Cameron  septic  tank  patents. 

As  opposed  to  the  relatively  close  agreement  between  experiment 
and  practice  in  the  septic  tanks,  a  wide  difference  in  the  actual  bac- 
terial efficiency  of  the  whole  plant  is  found,  for  which  an  explanation 
will  no  doubt  be  nuide  by  those  responsible  for  the  design  and  opera- 
tion. As  a  result  of  the  experimental  work,  a  bacterial  purification 
of  90%  was  predicted.     The  actual  percentage  of  removal  is  68. 

As  a  result  of  experiments  it  was  assumed  that  no  odors  would 
be  noticed  ^  mile  from  the  plant,  but,  unfortunately,  odors  are  per- 
ceptible at  much  greater  distances. 

The  speaker  hopes  that  this  important  public  improvement  will  be 
discussed  fully  by  the  designing  and  operating  engineers,  and  that  the 
practical  working  of  the  "Columbus  nozzle,"  and  the  effect  of  the  dis- 
integration of  the  broken  stone  in  the  sprinklers  and  the  causes  thereof 
will  be  considered.  This  is  important,  as  great  care  was  exercised  in 
the  selection  of  the  stone.  The  discussion  should  also  include  an 
explanation  of  the  increase  in  the  number  of  bacteria  in  the  settling 
basins. 

It  is  agreeable  to  note  the  change  in  the  appearance  of  the  Scioto 
River  since  the  installation  of  the  sewage  disposal  plant.  Within  the 
city  limits,  and  even  below  the  disposal  plant,  it  is  now  a  comparatively 
clean  and  attractive  stream,  whereas,  prior  to  the  construction  of 
the  intercepting  sew^ers  and  the  disposal  works,  it  was  foul  and  dis- 
agreeable. 

While  engineers  are  interested  in  knowing  why  the  plant  at 
Columbus  is  not  bearing  out  the  results  predicted  by  its  designers,  it 
is  an  open  question  whether  the  State's  interests  are  any  better  sub- 
served by  demanding  a  higher  degree  of  bacterial  efficiency,  even  if  a 
water  supply  was  taken  from  the  Scioto  within  a  comparatively  short 
distance  from  the  disposal  works.     It  is  safe  to  assume  that  sooner  or 
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Mr,     later  public  sentiment  will  demand  the  filtration  of  all  public  water 
°  ^^^'  supplies,   and,   in  cases  where  a  *  river  is  reasonably  free  from  gross 
sewage  pollution,  a  filter  will  protect  the  water  supply. 

There  are  many  cases  where  a  supply  is  drawn  from  a  grossly 
polluted  source  and  a  filter  is  producing  therefrom  a  satisfactory  water 
supply.  This  is  notably  the  case  at  Chester,  Pa.  The  speaker,  how- 
ever, does  not  wish  to  go  on  record  as  endorsing  the  Chester  condi- 
tions as  ideal.  It  will  be  remembered  that  the  water  supply  is  taken 
from  the  Delaware  River  about  10  or  15  miles  below  the  point  where 
the  City  of  Philadelphia  pours  its  unpurified  sewage  into  it.  Besides 
Philadelphia,  all  the  cities  on  the  Schuylkill  and  Delaware  Rivers, 
with  the  exception  of  Reading,  at  present  drain  their  unpurified 
sewage  into  these  rivers.  The  filter  records  at  Chester  show  that  the 
plant  is  successfully  eliminating  as  high  a  percentage  of  bacteria  as 
most  of  the  mechanical  filters  throughout  the  United  States.  The 
speaker  believes  that  the  experience  at  Chester  amply  justifies  the 
opinion  that  a  clarification  process  of  sewage  disposal  is  all  that  is 
required  in  most  cases.  Such  a  process  has  the  further  advantage 
that,  under  American  conditions,  as  they  exist  to-day  and  are  likely 
to  exist  for  many  years,  it  is  possible  of  attainment,  whereas,  if  it  be 
assumed  as  true  that  sanitary  conditions  require  the  complete  or  nearly 
complete  purification  of  the  sewage,  engineers  are  doomed  to  failure, 
and  will  thus  be  held  up  to  ridicule. 
Mr.  Gilbert  Fowler,   Esq.*   (by  letter). — There   is  little  doubt,  that, 

Fowler,  softening  and  clarification  of  the  raw  water  being  necessary,  the  adop- 
tion of  pressure  filters  with  arrangements  for  automatic  cleansing  is 
the  best  method  that  could  have  been  devised  to  meet  the  situation. 
Like  all  filtration  systems,  however,  it  requires  constant  and  vigilant 
attention,  especially  when,  as  in  this  case,  the  operations  of  softening, 
clarification,  settlement,  and  filtration  have  to  be  regulated  simultane- 
ously. The  results  obtained,  from  the  point  of  view  of  the  removal 
of  B.  Goli,  are  highly  satisfactory;  and  as  far  as  it  is  possible  to 
analyze  the  occasional  failures,  they  appear  to  arise,  in  some  cases 
at  any  rate,  during  or  after  periods  of  heavy  rainfall,  when  the 
bacterial  content  of  the  river  water  seems  to  be  greatly  increased. 
Unfortunately^  this  difficulty  is  inherent  in  all  filtration  schemes  where 
the  source  of  supply  is  subject  to  intermittent  pollution,  and  especial 
vigilance  is  then  necessary.  At  such  times,  although  the  river  water 
may  be  actually  more  dilute  in  respect  to  organic  impurity,  the  rate  of 
filtration  should  be  diminished  rather  than  increased. 

The   apparent   occasional   growth   of   organisms   in   the   filtered   or 

settled    water    is    significant    rather    as    an    indication    of    imperfect 

removal  of  organic  matter  which  may  serve  as  pabulum  for  these  and 

other  growths,  than  as  directly  affecting  the  hygienic  quality  of  the 

*  Consulting  Chemist,  Manchester,  England. 
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water.     This,  of  course,  will  depend  more  on  the  species  of  bacteria    Mr. 
present  than  on  their  number,  and  it  is  noticeable  that  while  in  some 
cases  as  many  as  2  000  organisms  may  be  present  per  cubic  centimeter 
of  filtered  water,  B.  Coli  is  not  found  in  50  cu.  cm.  of  the  same  sample. 

In  view  of  these  facts  the  experiment  should  be  tried  of  operating 
one  of  the  filters  as  a  sprinkling  filter,  on  the  same  lines  as  the 
sewage  filters  afterward  described.  No  alteration  in  construction  would 
be  required  except  the  provision  of  spray  jets,  and  plenty  of  head 
appears  to  be  available  for  their  operation.  Experiments  by  Miquel. 
Mouchet,  and  others,  in  France,  have  shown  the  great  diminution 
which  takes  place,  both  in  the  organic  matter  present  and  in  the 
number  of  organisms,  when  the  filters  are  operated  in  this  manner, 
B.  Coli  being  completely  eliminated.  The  dependence  of  the  number  of 
organisms  of  other  sorts  on  the  organic  pabulum  present  was  shown 
by  treating  the  filters  with  a  solution  of  peptone,  when  an  enormous 
increase  took  place  in  the  organisms  present  in  the  filtered  water. 

One  obvious  advantage  in  conducting  water-works  filters  in  this 
manner  is  that  the  bacterial  purification  does  not  depend  entirely  on 
the  efficiency  of  the  filter  as  a  mechanical  strainer.  With  every  type 
of  filter  operated  under  head  there  is  always  danger  of  what  may  be 
described  as  leakage,  especially  at  the  junction  of  the  filtering  medium 
and  the  containing  walls  of  the  filter;  the  advantage  of  the  spray  is 
that  the  filter  pressure  is  practically  7iil. 

The  subject  is  still  in  the  experimental  stage,  but  there  is  reason 
to  think  that  water-works  filters  of  the  ordinary  type  may  give  place, 
under  certain  conditions,  to  spray  filters. 

As  the  general  design  of  the  sewage  purification  works  is  the  out- 
come of  long-continued  and  careful  experimental  study,  there  is  little 
to  offer  in  the  way  of  criticism.  The  construction  costs  for  the  puri- 
fication works  appear  to  be  on  much  the  same  scale  as  for  similar 
works  in  England.  The  operating  charges  should  be  low  except  in  the 
imfortunate  event  of  the  backing  up  of  the  river  water  into  the  filters, 
referred  to  by  the  author.  Without  knowing  more  of  the  size  and 
character  of  the  river,  it  is  difficult  to  express  an  opinion  as  to  the 
possibility  of  discharging  into  it  accumulations  of  sludge  from  the 
septic  tanks  and  settling  basins.  If  it  were  possible  to  store  the  sludge 
in  the  tanks  during  the  dry  weather  and  to  discharge  it  into  the  river 
only  during  periods  of  heavy  flow,  as  the  writer  believes  was  originally 
contemplated,  there  is  no  a  priori  objection  to  such  a  course,  if  it  is 
carried  out  with  judgment.  Experiments  have  shown  the  possibility 
of  discharging  sludge  from  septic  tanks  into  a  tidal  estuary  without 
nuisance,  if  care  is  taken  to  perform  the  operation  at  times  when  a 
dilution  exceeding  a  defined  minimum  is  assured. 

The  situation  at  Columbus  would  appear  to  be  more  difficult,  as 
the  dry  hot  weather,  when  the  river  may  be  presumed  to  be  at  its 
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Mr.  lowest,  is  just  the  time  when  fermentation  is  likely  to  be  most  active 
ow  er.  -^  ^Y^^  tanks,  with  a  consequent  tendency  for  excessive  quantities 
of  suspended  solids  to  pass  on  to  the  'filters  and  an  increased  likelihood 
of  nuisance  from  spray  jets.  That  something  of  the  kind  has  been 
apprehended  already  is  evident  from  a  study  of  the  figures  for  sus- 
pended matter  in  the  septic  tank  efiluent.  In  May  and  in  August 
these  figures  were  becoming  excessive,  and  the  tanks  were  accordingly 
cleaned  out  during  these  months.  It  is  of  interest  to  note  that  while 
the  first  effect  of  sprinkling  filters  is  to  reduce  the  suspended  matter  in 
the  effluent,  the  tendency  afterward  is  for  it  to  be  greater  in  the  filter 
effluent  than  in  the  tank  effluent.  This  is  in  accordance  with  general 
experience,  and  is  satisfactory  from  the  point  of  view  of  the  self- 
cleansing  action  and  consequent  permanence  of  the  sprinkling  filters. 
It  is  further  in  accordance  with  experience  that  the  suspended  matter 
in  the  filter  effluent  should  increase  markedly  in  the  spring  or  early 
summer  months,  owing  to  the  increased  activity  of  organic  life  in  the 
filters  at  this  time  as  compared  with  the  previous  colder  season;  this 
phenomenon  has  been  termed  by  certain  workers  in  England,  "the 
spring  flush  out."  For  all  these  reasons,  it  might  be  wise  to  make 
arrangements  for  the  eventual  treatment  of  sludge  on  land. 

Turning  to  the  more  purely  chemical  results  from  the  filters,  what 
is  noticeable,  from  an  English  point  of  view,  is  the  comparatively  low 
percentage  of  purification  effected,  which,  even  after  the  settling 
tanks,  seldom  reaches  50  per  cent.  The  nitrate  figures  also  are  lower 
than  is  generally  the  case  from  similar  filters  in  England.  At  the  same 
time,  of  course,  it  is  obvious  that  tlie  sewage  is  very  dilute,  judged  by 
European  standards,  and  the  rate  of  filtration  exceedingly  high.  The 
main  and  most  important  effect  of  the  filters  is  to  saturate  the  effluent 
with  4issolved  oxygen. 

The  analytical  figures  under  this  head  are  for  the  most  part  very 
satisfactory,  and  it  is  this,  doubtless,  which  accounts  for  the  general 
non-putrescibility  of  the  effluent;  it  may  also  be  remarked  that  a 
24-hour  incubation  test  is  not  a  very  severe  one. 

The  purification  effected  by  the  works  may  be  quite  adequate  for 
the  conditions  which  have  to  be  met,  and  after  all  this  is  the  true 
criterion  of  a  successful  works. 

It  would  be  of  great  interest  if  systematic  observations  could  be 
made  of  the  state  of  the  river  above  and  below  the  works  at  different 
periods  of  the  year,  as  there  would  then  be  material  for  forming  an 
opinion  as  to  the  efficiency  of  the  method  used,  both  for  the  disposal  of 
sludge  and  for  the  purification  of  the  effluent. 

In  conclusion,  the  writer  would  like  to  express  his  admiration  for 
the  complete  and  business-like  manner  in  which  all  the  details  are 
presented  in  Mr.  Gregory's  paper.  It  is  only  by  such  publications 
that  real  progress  is  achieved. 
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William  Gavin  Taylor,  M.  Am.  Soc.  C.  E. — In  this  paper,  which  Mr. 
covers  the  detailed  construction  of  two  noteworthy  public  works,  ^^  ^^' 
sanitary  engineers  have  a  most  valuable  contribution  to  the  literature 
of  the  art.  The  successful  solution  of  the  many  difficult  problems 
besetting  the  design  of  both  projects  is  clearly  shown  by  the  several 
tables  of  operation.  Rarely  do  sanitary  engineers  have  prepared  for 
their  benefit  a  monograph  describing  work  so  rich  in  quality  of  design, 
and  so  full  in  excellency  of  detail.  The  exhaustive  presentation  of  the 
unit  costs  of  the  work,  arranged  under  proper  subject  grouping,  is, 
in  itself,  of  very  great  value. 

The  studies  and  designs  for  the  Columbus  Sewage  Purification 
Works  were  executed  during  1905.  In  an  analytical  examination  of  the 
detailed  construction  of  these  works,  the  date  of  execution  and  the  state 
of  the  art  at  that  time  should  be  clearly  borne  in  mind.  This  sewage 
plant  represents  the  beginning  of  percolating-filter  construction  in  the 
United  States,  and  its  engineers  were  required,  in  a  large  measure,  to 
design  the  works  under  conditions  of  greater  severity  than  had  before 
been  met.  For  guidance  in  these  matters  there  existed  two  important 
sources  of  experience :  First,  a  few  years  of  English  experimentation 
and  study  on  small  plants;  and  secondly,  the  results  attained  at  the 
Columbus  Sewage  Testing  Station,  built  and  operated  for  a  year  for 
this  specific  purpose.  The  English  sewages  thus  studied,  however,  and 
the  English  climatic  and  other  controlling  conditions,  were  very 
different  from  those  governing  the  possible  operation  of  sewage  works 
in  Central  Ohio. 

A  close  study  of  these  percolating  filters,  of  large  area,  during  the 
year  of  their  operation,  with  the  noting  of  all  normal  and  abnormal 
characteristics,  is  a  most  valuable  guide  to  future  design.  Local  con- 
ditions frequently  develop  features  of  unusual  practical  importance  in 
the  operation  of  sewage  filters,  as  was  well  illustrated  by  the  develop- 
ment of  a  fungus  on  the  surface  of  the  percolating  filters  at  the 
Waterbury  Sewage  Experiment  Station  during  1906.  The  suspended 
matter  applied  to  the  percolating  filters  in  the  influent  spray  did  not 
show  any  tendency  to  produce  surface  clogging,  but  on  the  surface 
of  each  filter  a  fungus  mass  grew  continually,  and,  if  allowed  suffi- 
cient time,  would  spread  over  and  cover  the  surface  stones  with  a 
blanket-like  mat  so  dense  as  to  effect  a  surface  clogging  and  cause  the 
applied  sewage  to  gather  in  pools  on  the  surface.  Two  weeks  of  con- 
tinuous operation  of  the  percolating  filters,  without  a  period  of  rest, 
was  sufficient  time  for  the  development  of  a  luxuriant  growth  of  the 
saprophytic  plant  over  the  entire  surface,  so  compact  as  to  destroy 
almost  completely  the  aeration  so  essential  to  filters  of  this  type. 

The  control  and  subjection  of  this  cryptogam  were  matters  of  vast 
importance,  and  were  vital  to  the  efficient  operation  of  the  filters. 
Soon  after  the  test  percolating  filters  were  placed  in  service  it  was 
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Mr.  noticed  that  a  gray  and  almost  transparent  gelatinous  coating  appeared 
^^  ^^'  on  the  surface  of  the  stones,  which  developed  into  a  thick,  spongy, 
filamentous  mass.  So  rapid  was  the  development  of  this  saprophytic 
growth  that  often  at  the  end  of  a  week  each  stone  was  covered  by  a 
mass  having  a  thickness  from  yV  to  i  in.  If  the  blanket-like  mass 
was  allowed  further  development,  it  would  continue  to  grow  in  thick- 
ness, causing  pooling  and  cessation  of  aeration,  to  the  detriment  of 
the  oxidizing  and  nitrifying  processes  active  within  the  filter. 

Observations  proved  that  the  fungus  could  be  easily  dried  and 
reduced  to  the  thickness  of  tissue  paper  by  resting  the  filter  and  giving 
the  surface  full  exposure  to  the  direct  rays  of  the  sun.  On  drying. 
the  filamentous  growth  became  very  brittle,  breaking  up  into  small 
particles  which  desquamated  from  the  filter  stones.  The  particles  thus 
scaling  off  were  carried  away  from  the  bed  by  the  efiiuent  when  the 
filter  was  again  put  in  service.  Exposure  for  one  day  to  normal  sun 
proved  to  be  sufficient  to  reduce  the  fungus  when  it  was  about  I  in.  thick, 
while  two  days'  exposure  was  sufficient  to  cause  the  desquamation  of 
the  heavier  growths.  Cyclic  operation  of  the  filters  proved  to  be 
desirable,  and,  as  a  result  of  many  tests,  the  filters  were  dosed  con- 
tinuously for  five  successive  days  and  then  allowed,  a  complete  rest 
for  two  days.  Under  this  mode  of  operation  the  effluents  were  well 
oxidized  and  non-putrescible,  and  the  fungus  growths  were  sufiiciently 
restrained. 

Stormy  and  cloudy  weather  conditions  especially  favored  these 
surface  growths,  a  season  particularly  favorable  occurring  during  the 
latter  part  of  December,  1905,  and  the  first  M^eek  of  January,  1906. 

The  study  of  the  fungus  under  various  modes  of  dosing  developed 
two  facts:  First,  that  operation  of  the  filters  at  double  rate  during 
the  12  hours  of  daylight  and  resting  them  during  the  12  hours  of 
darkness  favored  a  luxuriant  growth;  and  second,  that  a  double-rate 
dosing  at  night  followed  by  a  complete  rest  and  desiccation  in  the  sun 
through  the  day  was  sufficient  to  prevent  such  growth. 

In  its  early  development  the  slimy  mass  presented  a  grayish  appear- 
ance; after  a  few  days  many  bright-colored  spots  appeared  over  the 
mass,  varying  in  tint  from  a  salmon  pink  to  a  darker  red  and  some- 
times even  to  almost  jet  black.  The  reddish  color  was  shown  by 
analysis  to  be  due  to  the  iron. 

The  interest  of  Mr.  Leo.  F.  Rettger,  Assistant  Professor  of  Bacteri- 
ology at  Yale  University,  led  him  to  study  the  morphology  of  the 
organism  and  its  development  in  various  culture  media.  After  a  very 
thorough  and  long-continued  washing  of  portions  of  the  fibrous  mass, 
he  found  that  an  isolation  and  satisfactory  cultures  of  the  mould  could 
be  obtained  in  acid-sugar  gelatine.  The  composition  of  the  most  suc- 
cessful medium  was  as  follows:  Water,  1  liter;  gold  label  gelatine 
(acid),  120  grammes   (12%);  dextrose  or  lactose,  30  grammes   (3%). 
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The  natural  acidity  of  the  gelatine,  which  was  sufficient  to  turn  litmus     Mr. 
paper  decidedly  red,  was  left  unchanged.     As  the  bacterial  colonies    ^^  ^^' 
developed  but  slowly  in  the  acid  gelatine,  pure  transplantations  could 
be  readily  made.    While  the  absolute  identity  of  the  particular  organ- 
ism causing  the  obstruction  on  the  j&lters  was  not  determined,  it  was 
found  to  have  a  close  resemblance  to  Monillia  in  many  particulars. 

As  far  as  the  speaker  is  aware,  corresponding  growths  have  not 
occurred  on  any  of  the  municipal  percolating  filters  now  in  operation, 
but  it  is  understood  that  growths  of  somewhat  similar  nature  have 
been  found  on  the  experimental  sewage  filters  at  Philadelphia. 

Allen  Hazen,  M.  Am.  Soo.  C.  E. — It  is  very  gratifying  that  these    Mr. 
purification  works  have  been  carried  out  so  fully  and  completely. 

Fifteen  years  ago  the  speaker  was  called  to  Columbus  to  examine 
a  project  for  increasing  the  city's  ground-wafer  supply,  which  was  then 
inadequate.  He  found  that  there  was  no  good  reason  for  thinking 
that  sufficient  additional  ground-water  could  be  secured  for  a  perma- 
nent supply,  and  suggested  that  it  would  be  better  to  look  to  the  Scioto 
River.  As  the  low-water  flow  would  clearly  be  insufficient  to  meet 
increasing  demands,  he  suggested  the  examination  of  the  valley  for 
a  site  for  an  impounding  reservoir.  He  also  suggested  the  purification 
of  the  water  by  filtration,  and  also,  with  some  hesitation,  because  of 
the  novelty  of  the  proposal,  that  the  water  should  be  softened.  He 
has  not  yet  had  the  pleasure  of  seeing  this  plant,  and  it  is  difficult  to 
study  out  all  the  details,  even  from  so  excellent  a  description  as  the 
author  has  given. 

There  is  one  point  on  general  design  in  which  the  speaker  is 
interested,  and  it  is  mentioned  in  the  hope  of  bringing  out  the  de- 
signer's idea,  that  is,  as  to  the  relative  elevations  of  the  filters  and  the 
pure-water  reservoir.  At  the  Little  Falls  plant  of  the  East  Jersey 
Water  Company,*  the  filters  were  built  over  the  pure-water  reservoir. 
This  was  desirable  and,  perhaps,  necessary,  because  the  site  was  limited 
in  area.  No  objection  was  made  to  it,  because  Weston  controllers  were 
used,  and,  according  to  the  practice  of  the  time,  these  were  set  about 
10  ft.  below  the  water  on  the  filters.  They  were  incapable  of  acting 
when  submerged,  and,  therefore,  the  highest  level  in  the  pure-water 
reservoir  was,  necessarily,  at  least  10  ft.  below  the  flow-line  of  the 
filters. 

Since  that  time  filters  have  been  repeatedly  built  over  pure-water 
reservoirs  where  there  were  no  limiting  conditions  of  area,  and  where, 
as  in  this  case,  other  types  of  controllers,  capable  of  operating  when 
submerged,  were  adopted. 

At  Columbus  the  flow-line  of  the  pure-water  reservoir  is  10  ft.  below 
that  of  the  filters,  and  the  reservoir  is  15  ft.  deep.  In  other  words, 
the  loss  of  head  from  the  filters  to  the  pure-water  reservoir,  with  the 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  L,  p.  394. 
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Mr.  full  utilization  of  the  capacity  of  the  latter,  will  range  from  10  to 
25  ft.  In  plants  with  which  the  speaker  has  been  connected,  most 
of  the  filtering  work  is  done  with  heads  not  exceeding  5  or  6  ft.  With 
controllers  capable  of  acting  when  submerged,  the  flow  lines  of  pure- 
water  reservoirs  have  been  placed  2  or  3  ft.  below  those  of  the  filters, 
with  the  idea  that  their  ordinary  water  levels  would  be  6  or  8  ft.  below 
the  flow-lines  of  the  filters. 

There  are  two  principal  reasons  for  keeping  up  the  elevation  of  the 
pure-water  reservoir: 

1. — Head  is  saved,  and  head  is  always  valuable  in  water-works 
operation ; 

2. — The  operation  of  the  plant  is  more  convenient  and  satis- 
factory. 

Regulating  devices  which  act  when  submerged,  serve  to  limit  the 
rate  within  the  quantities  for  which  they  are  set,  and  allow  the  water 
to  back  up  on  the  filters,  thereby  reducing  the  rate  when  the  delivery 
is  greater  than  the  need.  There  is  some  fluctuation  in  the  rate  of  the 
filters  under  this  system,  but  it  takes  place  very  gradually  and  only 
within  the  limits  for  which  the  controllers  are  set.  There  is  no  reason 
to  think  that  such  fluctuations  in  rate  are  injurious  to  the  filters  in 
any  way. 

On  the  other  hand,  with  the  pure-water  reservoir  a  considerable 
distance  below  the  filters,  there  is  a  tendency  to  keep  it  always  full, 
as  far  as  possible,  and  when  it  is  kept  full,  the  filters  are  made  to 
fluctuate  in  rate  to  correspond  with  the  use  of  the  water.  This 
fluctuation  in  rate  may  be  brought  about  artificially  by  the  attendants, 
or  naturally  by  submerging  the  controllers,  according  to  the  type  of 
apparatus. 

Probably  the  fluctuations  in  rate  are  fully  as  great  in  the  long 
run  as  they  are  with  the  reservoir  at  a  higher  level.  The  speaker  has 
seen  plants  in  which  the  pure-water  reservoir  remained  full,  year  in 
and  year  out,  and  where  all  tlie  fluctuations  were  met  directly  by  the 
filters,  so  that,  for  purposes  of  operation,  there  might  just  as  well  have 
been  no  pure-water  reservoir. 

In  this  case  there  may  have  been  other  reasons  than  those  which 
appear  for  placing  the  pure-water  reservoir  so  much  lower  than  the 
filters,  and  these  remarks,  therefore,  should  be  considered,  not  as  a 
criticism  of  this  particular  plant,  but  as  a  discussion  on  this  feature 
of  purification  plants  in  general. 

Mr.  w.  B.  William  B.  Fuller,  M.  Am.  Soc.  C.  E. — This  paper  treats  essen- 
tially of  the  construction  work  of  a  well-studied  and  carefully-de- 
signed plant,  and  should  be  highlj'^  commended  for  its  logical  arrange- 
ment, clear  statements  of  facts,  and  intelligent  presentation  of  the 
subject.  The  speaker  has  been  particularly  interested  in  this  record 
of  accomplished  work,  as  he  was  identified  with  some  of  the  prelim- 
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inary  reports  which  led  to  its  accomplishment.  In  his  discussion,  Mr.  w.  b. 
Mr.  Hazen  has  touched  on  one  phase  of  this  work  which  seems  to  be 
a  necessary  part  of  all  large  municipal  construction  work,  that  is 
the  long  time  elapsing  between  the  inception  of  the  project  and  its 
completion.  As  the  author  has  stated,  the  first  steps  toward  this 
improvement  were  taken  in  1897,  twelve  years  ago.  In  1900,  as  As- 
sistant to  Samuel  Gray,  M.  Am.  Soc.  0.  E.,  the  speaker  investigated 
the  matter  of  the  storage  reservoir  and  of  the  purification  of  the 
water  supply  very  thoroughly,  but  no  active  construction  was  begun 
until  four  years  later.  Similarly,  as  Assistant  to  Rudolph  Hering, 
M.  Am.  Soc.  C.  E.,  he  had  the  pleasure  of  examining  the  sewerage 
question,  but  this  also  met  the  same  fate,  and  the  propitious  moment 
for  construction  did  not  come  until  three  years  later. 

Turning  to  a  consideration  of  the  construction  features,  the 
speaker  would  first  call  attention  to  the  profile  of  the  dam.  There 
are  very  few  dams,  in  the  United  States  at  least,  which  can  show 
such  a  large  factor  of  safety  under  rigid  analysis  of  stresses  as  this 
one,  and,  as  the  speaker  is  very  conservative  on  this  point,  and  be- 
lieves that  many  large  dams  carry  far  too  small  a  factor  of  safety, 
it  is  a  pleasure  to  call  attention  to  this  feature  of  the  Scioto  Dam. 
In  how  many  dams  does  the  line  of  pressure  lie  within  the  middle 
third,  when  allowance  is  made  for  excessive  ice  pressure  and  a  large 
upward  pressure  on  the  bottom  of  the  dam? 

The  author  states  that  inasmuch  as  the  water  was  to  be  purified 
by  filtration,  it  was  not  considered  necessary  to  strip  the  reservoir, 
inferring  that  it  might  have  been  thought  necessary  under  other  con- 
ditions. The  speaker  believes  that  conditions  could  not  exist  which 
would  render  necessary  the  stripping  of  a  reservoir  fed  by  a  silt- 
bearing  stream  such  as  the  Scioto.  Indeed,  to  him  the  greatest  de- 
fect in  the  entire  Columbus  improvement,  as  built,  is  the  failure  to 
provide  means  for  keeping  the  entire  body  of  water  in  the  reservoir 
from  becoming  highly  turbid  after  each  storm,  and  thus  requiring 
the  use  of  much  larger  quantities  of  chemicals  for  clarification  pur- 
poses than   would   otherwise  be   necessary. 

It  is  noted  that  the  pumping  station  is  operated  by  steam,  and  it 
would  be  interesting  to  know  the  considerations  which  led  to  the  adop- 
tion of  steam,  as  most  of  the  preliminary  reports  were  in  favor  of 
utilizing  the  surplus  water  power  at  the  dam  by  converting  it  into 
electricity,  or,  more  economically  still,  by  compressed  air,  utilizing 
the  direct  fall  of  the  water. 

It  is  noted  that  the  Water  Purification  Works  are  not  only  for 
water  filtration,  but  for  water  softening,  and  this,  together  with  the 
newness  of  the  science  of  water  softening  as  applied  to  large  munic- 
ipal plants  with  such  a  varying  quality  of  water  as  that  furnished 
by  the  Scioto,  sufficiently  accounts  for  the  exceedingly  complicated 
design  of  the  works.     It   is  a  question,  however,  whether  simplicity 
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Mr.  w.  B.  of  construction  is  not  more  to  be  desired  than  arrangements  which 
^^'    are  expected  to  meet  every  conceivable  condition. 

The  author  is  to  be  commended  for  his  careful  analysis  of  costs, 
as  given  in  Tables  10  and  14,  which  adds  greatly  to  the  value  of  the 
paper  as  a  record  and  as  a  guide  in  the  construction  of  similar 
works.  Engineers,  as  a  rule,  fail  to  give  any  information  about  costs, 
therefore  these  tables  are  all  the  more  noticeable. 

Mr.  E.  KuiCHLiNG,  M.  Am.  Soc.  C.  E. — The  author  is  to  be  congratu- 

Kuichiing.  i^^Q^  Qj^  having  presented  a  clear  description  of  one  of  the  most  im- 
portant sanitary  works  in  the  United  States.  The  plant  for  softening 
the  hard  water  of  the  Scioto  River  is  the  largest  that  has  ever  been 
constructed,  and  the  sprinkling  filter  plant  for  oxidizing  the  effluent 
from  the  sewage  sedimentation  tanks  is  likewise  the  most  extensive  of 
its  kind.  The  plans,  as  well  as  the  results  attained,  therefore,  are  apt 
to  be  scrutinized  very  closely  by  all  who  are  interested  in  such  subjects. 

As  the  works  were  not  completed  until  late  in  1908,  and  as  com- 
parative analyses  of  the  crude  and  purified  liquids  are  available  for 
only  eight  months  of  regular  operation,  January-August,  1909,  it  is 
probably  too  soon  to  criticize  the  results  achieved.  A  much  better 
judgment  of  the  efficiency  of  the  processes  and  plants  can  be  formed 
after  those  in  charge  have  had  ample  time  to  become  more  familiar 
therewith,  and  also  to  learn  all  the  local  peculiarities  of  the  river  and 
sewage.  From  the  data  submitted,  however,  the  results  appear  to  be 
very  satisfactory,  and  a  substantial  improvement  may  be  expected. 

It  is  fair  to  state  at  the  outset  that  the  designers  of  the  Water 
Purification  Plant  had  very  little  time  to  study  the  character  of  the 
river  water,  and  hence  the  success  attained  demonstrates  their  great 
skill  in  this  art.  For  the  sewage  works,  on  the  other  hand,  the  results 
of  the  exhaustive  preliminary  studies  and  experiments  made  at  Colum- 
bus in  1904-05  by  George  A.  Johnson,  Assoc.  M.  Am.  Soc.  C.  E.,  were 
at  hand,  thus  affording  an  excellent  foundation  for  the  preparation  of 
the  plans,  as  well  as  a  means  of  estimating  their  practical  performance. 
The  speaker  will  accordingly  confine  his  remarks  to  a  brief  considera- 
tion of  the  results  attained  by  the  process  selected  for  purifying  the 
sewage. 

On  arriving  from  the  city,  the  sewage  is  thoroughly  sedimented 
in  large  open  concrete  tanks  having  a  capacity  of  about  8  000  000  gal., 
after  having  been  screened  at  the  main  pumping  station  through  two 
sets  of  gratings  with  bars  1.0  and  0.5  in.  apart  in  the  clear,  respectively. 
It  is  then  sprayed  upon  beds  of  broken  limestone  having  an  average 
depth  of  5.33  ft.,  the  lower  10  in.  being  composed  of  stones  from 
3  to  4  in.  in  size,  and  the  remainder  of  stones  ranging  from  1  to  3  in. 
in  size.  An  aggregate  area  of  10  acres  of  such  beds  was  provided  for 
dealing  with  a  maximum  flow  of  20  000  000  gal.  per  day,  the  intention 
being  to  apply  the  liquid  at  the  rate  of  2  000  000  gal.  per  acre  per  day. 
The  effluent  from  these  sprinkling  filters  is  then  allowed  to  settle  for 
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about  2  hours  in  a  pair  of  shallow  open  basins  before  being  discharged       Mr. 

.     ,       ,7  .  Kuichling. 

into  the  river. 

Table  16  shows  that  the  daily  quantity  of  sewage  pumped  and 
treated  has  ranged  from  1  760  000  to  21  400  000  gal.,  with  an  average 
of  12  400  000  gal.,  and  has  been  applied  to  sprinkling  filter  areas  in 
service  ranging  from  0.42  to  6.20  acres,  the  average  being  3.10  acres. 
According  to  these  figures,  it  would  seem  that,  on  the  average,  4  000  000 
gal.  of  tank  effluent  have  been  applied  per  day  to  an  area  of  1.0  acre  of 
sprinkling  filter,  instead  of  2  000  000  gal.  per  acre  per  day,  as  con- 
templated. The  highest  rate  of  filtration  given  in  Table  16  is  5  400  000 
gal.  per  acre  per  day  on  July  7th  and  August  16th,  1909. 

Such  high  rates  of  filtration  may  be  explained  perhaps  by  leaving 
out  of  account  the  period  of  time  each  day  that  the  filter  is  not  in 
service.  Thus,  if  2  000  000  gal.  of  liquid  were  applied  to  1  acre  uni- 
formly during  only  12  hours,  and  this  acre  of  surface  were  then 
allowed  to  rest  for  the  remaining  12  hours  of  the  same  day,  the  rate  of 
application  would  be  4  000  000  gal.  per  acre  in  24  hours,  although  in 
reality  only  half  this  quantity  passed  through  the  filter  in  the  course 
of  a  single  day.  There  may  possibly  be  a  distinction  between  "rate  of 
application"  and  the  phrase  "rate  of  filtration  on  millions  of  gallons 
per  acre  per  day"  used  in  Table  16 ;  if  so,  it  should  be  clearly  explained, 
since  the  headings  of  the  columns  relating  to  this  matter,  namely, 
"Volume  filtered,  in  millions  of  gallons  per  day,"  "Filter  area  in 
service,  in  acres,"  and  "Average  rate  of  filtration,  in  millions  of 
gallons  per  acre  per  day,"  certainly  lead  the  reader  to  infer  that  the 
stated  volumes  of  liquid  were  actually  applied  to  and  passed  through 
the  stated  filter  areas  in  the  course  of  the  stated  days. 

If  this  inference  is  correct,  twice  as  much  tank  effluent  has  been 
applied  per  day,  on  the  average,  to  portions  of  the  filter  beds  as  was 
originally  proposed,  notwithstanding  that  plenty  of  area  was  apparently 
available  during  the  greater  part  of  the  time  for  the  lower  rate  of 
filtration;  and,  therefore,  it  may  be  asked  why  the  contemplated  rate 
was  doubled.  On  the  other  hand,  if  the  said  inference  is  wrong,  the 
speaker  believes  that  the  phraseology  of  the  indicated  column  headings 
of  Table  16  requires  some  modification. 

A  further  examination  of  this  table,  under  the  headings  of  "Oxygen 
Consumed  by  the  Screened  Sewage,"  "Septic  effluent,"  and  "Filter 
effluent,"  allows  an  approximate  estimate  to  be  made  of  the  average 
degree  of  purification  attained  by  the  action  of  the  sedimentation  or 
septic  tanks  and  the  sprinkling  filters  during  the  six  months,  March 

to  August,  1909,  as  follows:  Equivalent 

Parts  percentage  of 

per  million.    Differences,     purification. 

Oxygen  consumed  by  screened  sewage ....  44. 1  ....  .... 

"  "  "    septic  effluent 26.3  17.8  40.3 

"  "  "    filtereffluent 17.1  9.2  35.0 

277o  6l72 
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Mr.  On  this  basis  of  estimating  the  improvement  in  the  quality  of  the 

ing.  gg][ygj^|.^  these  averages  would  be  highly  significant  if  little  variation 
occurred  in  the  figures  from  day  to  day,  or  month  to  month,  but  such 
is  far  from  being  the  case.  On  many  days  the  oxygen  consumed  was 
greater  for  both  septic  effluent  and  filter  effluent  than  for  the  screened 
sewage,  but  this  anomaly  is  due  to  the  impossibility  of  tracing  the 
course  of  any  particular  volume  of  sewage  through  the  plant.  Taking 
the  averages  for  each  of  the  said  six  months,  the  following  will  be 
found : 

Maximum  improvement  of  screened  sewage  by  tank,  64.4%  in  April; 

Minimum  "                "         "              "         "       "      23.7^    "  July; 

Maximum  "                 "  tank  effluent  by  filter,         45.9%    "  June; 

Minimum  "                "     "           "          ''       "               5.3%    "  May; 

Maximum  "                "  screened  sewage  by  both,  11.9%    "  April; 

Minimum  "                '^         "               "         "       "      47.3^    "  July. 

It  would  also  be  interesting  to  learn  why  the  filters  caused  so  large 
an  improvement  of  the  tank  effluent  in  June,  and  so  little  in  May. 

The  improvement  in  the  quality  of  the  effluent  cannot  be  estimated 
by  the  quantity  of  suspended  matter  removed,  as  it  happens  that 
during  the  majority  of  the  months  for  which  data  are  given,  the 
quantity  of  suspended  matter  in  the  filter  effluent  was  somewhat 
greater  than  in  that  of  the  septic  tanks.  The  greatest  improvement 
in  this  respect,  however,  by  the  tanl^s  alone,  was  77.1%  in  June,  and 
the  least  was  35.6%  in  July,  the  average  for  the  whole  period  of  eight 
months  being  58.8  per  cent.  As  to  the  relative  proportions  of  organic 
(or  volatile)  and  mineral  (or  fixed)  substance  in  this  suspended 
matter,  no  figures  are  submitted. 

In  regard  to  the  number  of  bacteria  per  cubic  centimeter,  it  may 
be  remarked  that,  in  the  screened  sewage,  it  ranged  from  9  000  000  to 
150  000,  with  an  average  of  1  820  000;  in  the  septic  tank  effluent,  from 
6  450  000  to  40  000,  with  an  average  of  770  000;  and,  in  the  filter 
effluent,  from  5  300  000  to  20  000,  with  an  average  of  510  000.  After 
the  turbid  filter  effluent  had  been  allowed  to  settle  for  2  hours,  the 
number  of  bacteria  generally  increased,  so  that  the  average  was  but 
little  less  than  that  for  the  tank  effluent. 

To  facilitate  the  study  of  the  analytical  data  relating  to  the  treat- 
ment of  the  sewage,  that  are  contained  in  Table  16  and  occupy  eight 
pages  of  the  paper,  the  speaker  has  prepared  a  condensation  thereof 
showing  the  maximum,  minimum,  and  average  figures  for  each  month, 
and  also  for  the  entire  period  of  eight  months.  This  condensation  is 
submitted  as  Table  69,  in  the  hope  that  it  will  be  found  convenient 
by  others. 

The  figures  in  Table  69,  together  with  those  in  Table  16,  show  very 
plainly  that  the  final  effluent  from  this  large  plant  is  not  potable  water, 
and   even   that   its   non-putrescibility   is   not   always  well  established. 
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Mr.  The  degree  of  purification  attained,  however,  appears  to  be  abundantly 
Kuichhng.  g^j^pjg  ^q  prevent  the  river  from  becoming  offensive  during  its  low 
stages,  and  there  was  no  intention  of  accomplishing  much  more  than 
this.  The  statement  is  often  found  in  popular  scientific  literature 
that  the  effluent  from  such  sprinkling  filter  beds  is  always  clear,  pure, 
and  sparkling;  but  as  this  is  rarely  the  case  when  real  sewage  is 
treated,  the  publication  of  the  results  actually  attained  on  a  large  scale 
by  this  finely-designed  and  well-managed  plant,  will  assist  materially 
in  correcting  popular  fallacies  concerning  sewage  purification,  and 
hence  this  paper  is  an  extremely  welcome  and  valuable  addition  to 
the  literature  of  true  sanitary  engineering. 

Mr.  Langdon  Pearse^  Assoc.  M.  Am.  Soo.  C.  E.  (by  letter). — The  work  at 

Columbus  is  noteworthy  for  the  thoroughness  and  completeness  with 
which  a  comparatively  novel  field  was  entered. 

In  the  design  of  the  Sewage  Purification  Works,  the  writer  will 
discuss  the  underdrain  tile,  and  the  importance  of  bedding  the  feet 
in  the  floor  while  the  concrete  is  still  green.  The  tile  come  whole,  and, 
when  split,  do  not  necessarily  give  an  even  bearing  on  all  six  feet.  In 
planning  the  construction  of  the  Experimental  Testing  Station  for  the 
Sanitary  District  of  Chicago,  the  writer  had  some  tests  made  by  R.  W. 
Hunt  and  Company,  to  determine  the  carrying  capacity  of  the  tile 
with  the  feet  simply  resting  on  a  soft  pine  board,  also  when  bedded  in 
a  quick-setting  mixture  of  cement  and  plaster  of  Paris.  The  results 
were  interesting. 

The  tile  were  6  in.  in  diameter.  The  load  was  distributed  over  2 
in.  of  the  crown.  The  first  crack  appeared  at  750  lb.  per  running  foot, 
and  failure  at  1  250  lb.  per  running  foot  in  one  case,  and  at  930  lb.  per 
running  foot,  and  failure  at  1  300  lb.  in  another.  With  the  feet  bedded 
in  i  in.  of  cement,  the  first  crack  occurred  at  1  320  lb.  per  running  foot 
and  failure  at  1  855  lb.  per  running  foot. 

Mr.  E.  A.  Kemmler,  the  Resident  Engineer  at  Columbus,  reported 
a  test  of  two  tiles,  each  24  in.  long,  bedded  in  a  concrete  floor  when 
soft,  as  in  the  filters.  After  five  days  a  cement  sack  was  placed 
on  each  tile  for  a  cushion,  and  a  platform,  loaded  with  bricks,  was  placed 
on  top.  Both  tiles  broke  at  7  500  lb.,  or  at  3  750  lb.  for  each  tile,  that  is, 
at  1  875  lb.  per  running  foot  of  tile. 

The  nozzle  at  Columbus  is  one  of  the  earliest  developed,  and  has  a 
large  orifice.  From  time  to  time,  the  writer  has  experimented  with  the 
nozzles  at  Columbus  and  other  places,  and  has  found  that  almost  any 
orifice  will  clog,  if  fungus  be  present  in  the  supply  pipes  as  luxuriantly 
as  it  is  at  the  Chicago  Testing  Station.  The  weak  part  of  the  Columbus 
nozzles  is  the  arm.  A  careless  attendant  can  easily  kick  or  twist  the  arms 
out  of  true.  This  likelihood  of  derangement,  however,  is  true  of  prac- 
tically all  the  nozzles  on  the  market,  even  of  those  of  the  spindle  type, 
for  an  uneven  strain  at  the  root  of  the  thread  may  put  any  of  the 
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spindles  out  of  true.    A  variable  head  is  probably  desirable  with  most     Mr. 
nozzles,  unless  they  are  specially  designed.    The  writer  does  not  favor  P®^'^^®- 
the  splasher  type  of  distributor,  owing  to  the  exposed  overhead  dis- 
tributors with  the  likelihood  of  freezing  and  the  complication  of  ad- 
justments. 

The  writer  has  been  much  interested  in  the  working  results  of  the 
Sewage  Purification  plant,  and  the  good  showing  made  during  the 
second  winter  of  operation.  This  should  prove  conclusively  that  open 
sprinkling  filters  can  be  operated  successfully  in  a  northern  climate. 
At  Chicago,  the  writer  has  been  experimenting  with  a  closed  sprinkling 
filter,  to  determine  whether  a  roof  will  help  in  the  operation.  An  un- 
foreseen result  has  occurred — the  rapid  and  luxuriant  growth  of  a 
fungus  which  bridges  over  even  the  spaces  between  1^-  to  3-in.  crushed 
limestone,  and  causes  marked  clogging.  The  growth  of  this  fungus  is 
favored  by  darkness,  moisture,  and  oxygen,  all  of  which  conditions  are 
present  in  the  covered  filter. 

The  question  of  the  sand-catcher,  brought  up  by  Mr.  Griggs,  is  very 
pertinent  in  view  of  the  lack  of  uniformity  in  such  matters.  At  the 
39th  Street  Sewage  Pumping  Station  of  the  City  of  Chicago,  which 
is  fed  by  an  intercepting  sewer,  16  ft.  in  diameter,  much  heavy  sus- 
pended matter,  such  as  chunks  of  septic  sludge  from  back  sewers,  sand, 
etc.,  is  swept  down  at  times  of  storm.  It  is  the  custom  of  the  city  em- 
ployees to  pump  down  the  screen  chamber  (about  20  ft.  wide,  by  30  ft. 
long),  once  every  two  months,  and  draw  all  the  settled  matter  into  one 
of  the  pumps,  forcing  it  into  Bubbly  Creek.  It  has  to  be  dredged  from 
there  by  the  Sanitary  District.  This  is  certainly  a  crude  method  of 
sand  removal,  but  it  shows  the  need  of  an  adequate  design  for  sand- 
catchers. 

In  connection  with  the  operation  of  the  filter  plant  at  the  Water 
Purification  Works,  the  writer  will  be  much  interested  in  following  the 
working  of  the  sand.  At  a  recent  meeting  of  the  Illinois  Water  Supply 
Association,  some  very  interesting  facts  were  presented,  establishing 
the  growth  in  size  of  the  sand  grains,  where  iron  and  lime  are  used  as 
coagulants,  due  to  the  incrustation  of  lime.  Whether  similar  growth 
will  occur  in  connection  with  this  softening  process  remains  to  be  seen. 

Rudolph  Hering,  M.  Am,  Soc.  C.  E.  (by  letter). — In  discussing  Mr. 
this  paper  the  writer  wishes  first  to  emphasize  the  author's  reference  ^"°^- 
to  Julian  Griggs,  M.  Am.  Soc.  C.  E.,  as  the  one  to  whose  judgment 
and  persistence  both  the  City  of  Columbus  and  the  country  owe  these 
works.  The  writer's  connection  with  them  at  an  early  date  permits 
him  to  testify  to  the  sincerity  and  faithfulness  with  which  Mr.  Griggs 
attacked  his  problem,  and  to  the  single  aim  which  he  maintained 
throughout  to  get  the  best  possible  solution. 

Secondly,  the  writer  wishes  to  commend  the  skillful  and  equally 
sincere  and  faithful  manner  in  which  the  two  works  have  been  exe- 
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Mr.  cuted  by  the  author.  The  many  novel  features  and  details  that  it  was 
enng.  j^g^jeggary  iq  work  out  required  the  acquisition  of  much  knowledge, 
persistence,  and  systematic  labor.  Mr.  Gregory  deserves  high  credit 
for  the  manner  in  which  he  attacked  and  pursued  the  problem  and 
completed  the  works  which  now  stand  among  the  best  of  their  kind  in 
the  United  States. 

The  following  discussion,  limited  to  the  improved  sewage  works,  is 
intended  to  point  out  that  they  could  be  but  a  step  in  a  rapidly 
advancing  art,  which  fact  it  is  necessary  to  recognize  in  order  to  form 
a  fair  and  just  opinion  of  them  as  they  now  stand. 

The  author's  historical  account  records  the  first  recommendation 
made  for  sewage  treatment  in  1898  by  Messrs.  Julian  Griggs  and 
John  W.  Alvord,  to  the  effect  that  the  sewage  should  be  screened  and 
then  doubly  filtered  through  beds  of  coke  at  a  net  rate  of  500  000  gal. 
per  acre  per  day. 

Three  years  later,  the  writer,  taking  advantage  both  of  the  positive 
and  negative  results  of  experience  gained  in  the  interval,  recommended 
septic  tanks  for  preliminary  treatment,  to  be  followed  by  intermittent 
filtration  through  sand  instead  of  by  the  double  coke  filters.  This 
change  was  proposed  because  it  had  become  evident  in  Europe  that 
in  a  short  time  the  coke  filters  would  clog  and  cause  expensive  and 
repeated  cleaning  or  replacing.  It  had  also  become  evident  that  sand 
filters  could  be  operated  at  much  greater  than  the  usual  rates,  if  the 
sewage  were  first  freed  from  the  bulk  of  its  suspended  matter;  and 
for  this  purpose  the  frequent  use  of  septic  tanks,  particularly  in 
England,  had  indicated  quite  a  general  preference.  Nevertheless,  it 
was  cautiously  suggested  by  the  writer  that  only  a  small  portion  of 
the  proposed  Columbus  works  should  be  built  at  first  and  operated  for 
one  year,  before  any  extensions  were  made,  so  as  to  derive  in  the  mean- 
time all  possible  aid  from  actual  experience  in  the  locality. 

Two  and  one-half  years  more  elapsed  before  the  matter  was  again 
taken  up,  and  in  view  of  further  advances  made  in  the  art,  it  was 
then  properly  concluded  to  make  an  extended  experimental  investiga- 
tion before  undertaking  the  final  design  of  the  works.  The  latter 
recommendation  was  made  near  the  close  of  1903,  w^hen  English 
experience  was  beginning  to  point  strongly  toward  the  economy  and 
efficiency  of  the  sprinkling  method. 

The  Columbus  experiments  verified  the  hope  that  even  in  a  cold 
winter  climate  this  method  could  be  used,  and  on  account  of  its 
economy  it  was  finally  adopted.  As  experience  had  been  insufficient 
in  America,  further  English  precedent  was  adopted,  as  far  as  practi- 
cable, namely,  the  use  of  septic  tanks,  followed  by  sprinkling  filters  and 
finally  by  settling  basins. 

The  Columbus  works  were  designed  in  1905  and  based  upon  what 
was    then    recognized    as    the    best    practice.      During   the    five   years 
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between  that  time  and  the  present,  experience  with  such  plants  in  Mr. 
Europe  and  in  several  plants  in  America,  including  Columbus,  has 
been  extensive.  A  glance  at  this  experience  reveals  a  number  of 
improvements  over  the  Columbus  design,  which  point  to  the  attain- 
ment of  still  better  results.  While  the  Columbus  plant,  the  first  of 
the  large  important  ones  in  America,  is  practically  fulfilling  its 
promises,  it  has  furnished,  together  with  other  plants,  valuable  data 
for  still  further  improvements  in  the  future.  It  is  the  writer's  inten- 
tion to  point  out  some  of  the  directions  in  which  such  better  results 
may  be  secured. 

/. — The  Septic  Tanh. — The  Columbus  tanks  are  doing  practically 
what  was  expected  of  them  when  designed.  The  septic  treatment, 
however,  as  such,  has  not  fulfilled  all  early  expectations,  one  of  which 
was  a  material  reduction  in  the  sludge  deposited  from  the  sewage, 
the  disposal  of  which  was  generally  considered  the  hete  noire  of  all 
sewage  treatment.  As  regards  the  reduction  of  sludge,  the  actual 
results  have  been  disappointing.  In  many  cities  it  has  been  but 
slightly  greater  than  that  obtained  by  fresh  sewage  settling  basins, 
and  the  stench  from  septic  tanks  has  often  been  quite  an  objectionable 
feature. 

The  septic  state  being  one  where  oxidation  is  displaced  by  putre- 
faction, very  foul  odors,  due  to  the  resulting  hydrogen  compounds,  are 
allowed  to  escape.  Fresh  sewage,  when  containing  a  sufiicient  amount 
of  oxygen,  has  very  little  odor,  and,  therefore,  where  practicable,  it  is 
decidedly  better  to  handle  it  in  that  condition. 

At  the  present  time  most  efforts  are  being  made  in  the  direction 
of  keeping  the  sewage  as  fresh  as  possible,  both  where  it  is  to  be  sub- 
jected to  bacterial  treatment  on  land  and  where  it  is  to  be  oxidized 
in  flowing  water. 

The  reduction  of  sludge  is  not  only  a  question  of  putrefaction,  it  is 
also  and  largely  one  of  water  content.  Sludge  containing  90%  of  water 
has  one-half  the  bulk  of  the  same  sludge  if  this  contains  95%  of 
water.  Therefore,  means  of  reducing  the  water  content  are  at  present 
viewed  with  more  favor  than  reduction  by  septic  means,  although  the 
latter  still  retains  a  proper  value. 

The  arrangements  of  Messrs.  Birch,  then  Travis  and  Imhoff,  which, 
in  two-story  tanks  under  cover,  permit  of  a  gravity  separation  of  the 
suspended  matter  from  the  fresh  sewage,  are  coming  into  favor;  so 
that  fresh  instead  of  septic  sewage  can  flow  through  the  upper  tank, 
while  the  suspended  matter  settles  into  the  lower  tank  to  form  the 
sludge,  and  to  remain  in  it  until  all  putrescible  matter  is  converted 
into  non-putrescible  matter,  and  can  then  at  frequent  intervals  be 
withdrawn  in  small  quantities.  The  almost  continuous  motion  and 
overturning  given  the  particles  of  sludge  by  these  frequent  with- 
drawals,   sufiiciently    rearranges   their   position    so   that    a   continuous 
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Mr.     anaerobic  action  can  be  maintained  throughout.     As  a  matter  of  fact, 
Hermg.  ^j^^  rotting  of  the  sludge  in  these  tanks  under  these  conditions  is  at 
least  as  complete  as  in  the  older  form  of  septic  tank,  where  sewage 
passes  over  the  sludge  and  constantly  supplies  it  with  fresh  bacteria. 

Of  such  tanks  the  latest  are  the  Emscher  tanks  in  Germany,  sug- 
gested by  Dr.  Imhoff,  from  which  the  sludge  issues  after  several 
months'  retention,  with  but  75%  to  85%  of  water,  is  well  digested, 
friable  instead  of  sticky,  and  has  no  putrescent  odor.  It  flows  into 
under-drained  lagoons,  where  in  a  few  days  it  dries  to  70%  and  less 
of  moisture,  so  that  it  can  be  spaded,  removed,  and  dumped  for  perma- 
nent deposit. 

There  must  be  considered  in  this  direction,  also,  a  question  which 
was  formerly  too  little  emphasized,  namely,  that  the  different  parts  of 
suspended  matter  have  various  degrees  of  resistance  to  putrefaction. 
Some  animal  matter  is  highly  putrescent,  while  some,  like  bones,  hair, 
and  tendons,  is  quite  resistant.  Some  vegetable  matter,  particularly 
that  of  rapid  growth,  speedily  putrefies,  while  hardwood  fiber  may 
resist  for  years.  Recent  experiments  in  Germany  by  Dunbar  and 
others  have  shown  the  different  periods  of  time  required.  From  these 
and  similar  facts  useful  data  may  be  gathered  regarding  the  best 
means  of  sludge  treatment. 

A  more  efficient  method  of  removing  suspended  matter  than  usually 
supposed  is  fine  screening.  Experiments  have  shown  that  in  fresh 
sewage,  not  too  far  from  the  origin,  it  is  possible  with  moving  screens 
to  remove  one-third  and  perhaps  one-half  of  the  suspended  matter. 
The  nearer  the  origin,  the  greater  the  amount.  One  advantage  of  this 
removal  is  that  the  matter  screened  out  is  fresh  and  when  dried  can 
more  easily  be  destroyed  by  fire — the  most  sanitary  mode  of  destruc- 
tion— than  when  it  is  in  the  form  of  sludge.  Another  advantage  is 
that  the  smaller  quantity  of  solid  matter  retained  in  the  sewage  reduces 
not  only  the  amount  of  final  sludge  to  be  handled,  but  also  the  amount 
of  solid  matter  which  must  be  finally  oxidized,  and  to  which  purpose 
a  certain  capacity  of  the  works  must  be  devoted.  There  are  still  other 
troubles  that  early  and  fine  screening  may  reduce.  Where,  in  one  case, 
a  fine  screen  was  temporarily  out  of  order  and  only  a  coarse  screen 
remained,  the  change  in  the  character  of  the  sewage  was  marked  by  a 
noticeable  increase  in  the  stoppages  of  the  sprinkling  nozzles,  even 
after  the  passage  of  the  liquid  through  an  ordinary  septic  tank. 

The  writer  believes  that  in  most  cases  it  will  be  found  advantageous 
to  have  fine  screening  done  between  a  settling  basin  and  the  oxidizing 
beds,  which  will  give  the  latter  a  greater  efficiency  and  prevent,  upon 
the  bacterial  surfaces,  an  undue  accumulation  of  solid  matter  which 
must  later  be  unloaded.  In  Salford  a  roughing  filter  is  advantageously 
inserted  for  this  purpose.  A  fine  screen  used  just  before  an  oxidizing 
bed  acts  similarly  to  the  sand  layer  over  a  Dunbar  coarse  filter,  though 
not  as  efficiently. 
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It  is  evident  that  the  less  the  quantity  of  suspended  matter  retained  Mr. 
in  the  sewage  when  spread  upon  the  oxidizing  beds,  the  more  efficient 
these  will  be,  the  less  stone  or  bacterial  surface  will  be  required,  and 
the  less  unloading  will  take  place.  From  a  sand  filter  there  is  no  un- 
loading at  all  because  the  suspended  matter  is  all  retained,  no  matter 
what  the  velocity  of  percolation  or  its  changes  may  be,  which  changes 
are  the  chief  cause  of  the  unloading  of  coarse-grained  filters. 

II. — SprinMing  Filters. — There  is  first  the  difference  between  fixed 
and  movable  jets.  Although  the  fixed  nozzle  has  been  continually  im- 
proved, has  the  advantage  of  greater  simplicity  of  construction  and 
operation,  and  is  specially  advantageous  for  weak  sewage,  the  movable 
sprinkler  is  generally  preferred  in  Europe,  because,  as  a  rule,  it  dis- 
tributes sewage  more  evenly  and,  therefore,  gives  a  better  utilization 
of  the  stone  medium  for  oxidation.  On  the  other  hand,  there  are  dis- 
advantages, particularly  in  America,  besides  greater  cost,  due  partly 
to  necessarily  greater  attention  and  partly  to  the  much  colder  winters. 
Excepting  in  our  Southern  cities,  filters  with  movable  sprinklers  would 
have  to  be  housed.  As  these  have  not  yet  been  used  on  a  large  scale 
in  America,  practical  experience  has  not  yet  indicated  definitely  the 
degree  of  preference  measured  in  cost. 

A  study  of  the  relative  efficiency  of  various  European  coarse- 
grained filters  to  oxidize  sewage,  has  indicated  the  importance  of  con- 
sidering what  the  writer  has  termed  the  bacterial  surface  of  a  filter 
receiving  liquid  sewage.  English  efficiencies  are  generally  given  for 
\he  cubic  yard  of  medium,  and  it  is  found  that  with  the  same  prepar- 
atory treatment  of  similar  sewages,  and  the  same  time  for  percolation 
and  aeration,  a  cubic  yard  of  material  will  increase  oxidation  in  pro- 
portion to  the  area  of  the  bacterial  surface  available.  The  fact  that  the 
surfaces  of  the  grains  upon  which  the  bacteria  are  active  double  in 
area  for  grains  of  half  the  diameter,  is  a  partial  explanation  of  the 
high  purification  obtained  on  beds  with  small  stones,  and  in  fact  with 
sand  grains.  When  it  is  realized  that  the  capillaries  and  air  cells 
in  the  lungs  of  an  adult  man  have  a  surface  of  nearly  1  000  sq.  ft. 
upon  which,  by  diffusion  through  the  thin  membranes,  the  venous 
blood  is  converted  into  arterial  blood  by  taking  in  oxygen  from  the 
inhaled  air,  it  is  easy  to  understand  the  value  of  a  large  bacterial 
surface  for  a  sewage  oxidizing  filter. 

The  writer  has  elsewhere  elaborated  these  facts,  and  has  suggested 
the  possibility  of  determining  more  rationally  than  heretofore  the 
number  of  square  feet  of  bacterial  surface  required  to  oxidize  to  any 
desired  degree  the  sewage  contributed  from  the  average  individual. 

This  required  bacterial  surface  allows  the  necessary  average  diam- 
eter of  the  grains  to  be  obtained  when  the  depth  of  the  bed  is  given. 

The  depth  of  a  bed  is  determined  by  the  length  of  time  of  percola- 
tion required  to  get  the  necessary  oxidation  for  the  desired  degree 
of  purification.    The  time  is  dependent  on  the  character  of  the  sewage; 
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Mr.     if  it  is  weak  and  there  is  less  suspended  matter,  the  necessary  time 

^^^^s-  ^-jj  ^Q  iggg^  ^p  ^Q  ^  certain  limit,  and  therefore  also  the  depth  of  bed. 

A  filter  with  large  stones,  where  sewage  percolates  more  rapidly,  must 

be  deeper  than  one  with  small  stones,  other  things  being  equal,  if  it 

is  to  give  the  same  degree  of  purification. 

What  has  seemed  to  the  writer  to  be  a  more  important  factor  in 
sewage  oxidation  than  has  usually  been  admitted,  is  the  aeration  of  a 
filter. 

Observations  in  America  and  Europe,  and  discussions  with  com- 
petent authorities,  have  convinced  him  that  this  subject  has  not  yet 
been  exploited  sufiiciently,  and  that  the  efficiency  of  some  of  our  works 
could  be  increased  materially  by  allowing  a  freer  circulation  of  air 
through  the  interstices  of  the  filters. 

It  is  true  that  the  vacuum  caused  by  bacterial  activity  in  extracting 
oxygen,  to  form  combinations  which  are  removed  as  solutions  in  the 
effluent,  is  filled  by  the  air  drawn  into  the  filter,  and  that  in  this  man- 
ner the  lost  oxygen  is  naturally  replenished;  but  it  is  also  true  that 
there  is  then  always  present  an  active  force  and  sufficient  in  strength, 
in  one  direction,  to  more  than  equal  the  frictional  resistance  of  draw- 
ing the  air  into  the  filter,  and  in  the  other,  to  rarefy  correspondingly 
the  air  within  the  filter  and  reduce  the  amount  of  oxygen  available 
for  the  bacteria  in  the  film. 

Under  similar  conditions,  similar  effects  are  seen  in  higher  animals 
requiring  oxygen.  In  a  rarefied  atmosphere  breathing  becomes  more 
active  to  secure  the  necessary  amount  of  oxygen,  and  all  physical  exer- 
cise becomes  more  difficult.  In  compressed  air,  on  the  other  hand, 
breathing  is  less  active  because  less  necessary,  and  exercise  is  less 
difficult  than  in  normal  air.  The  different  physiological  results  of 
living  in  poorly  ventilated  rooms  or  out  of  doors  are  well  known,  al- 
though there  may  be  but  a  small  difference  in  the  quantity  of  oxygen. 

This  rarefying  force  caused  by  bacterial  activity,  and  which  was 
measured  as  a  vacuum  by  Dunbar,  has,  therefore,  a  constant  tendency 
to  reduce  bacterial  energy,  however  slight  the  reduction  may  be,  and 
reduces  correspondingly  both  growth  and  reproduction  and,  therefore, 
in  the  same  measure,  activity  and  oxidation. 

By  establishing  reverse  conditions  reverse  results  should  be  ex- 
pected. If,  instead  of  a  vacuum,  a  plenum  is  established,  the  condi- 
tions are  changed.  There  is  more  air  in  the  filter  than  the  normal, 
and  a  greater  amount  of  oxygen.  There  is  no  draft  upon  bacterial 
energy,  but  an  air  pressure  more  than  sufficient  to  overcome  the  fric- 
tional resistance,  and  a  surplus  of  one  of  the  elements  which  produce 
the  energy.  This  surplus  will  induce  growth  and  reproduction  corre- 
spondingly and  continuously  and,  therefore,  oxidation,  provided  always 
that  another  and  main  source  of  energy,  namely,  a  sufficient  quantity 
of  oxidizable  matter  is  also  present. 
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Therefore,  it  has  been  the  writer's  opinion  for  some  years  that  Mr. 
some  means  should  be  established  to  utilize  the  natural  motion  of  the 
air  above  a  filter  as  a  force  to  impel  air  into  its  interstices,  whether 
upward  from  the  drains  below  or  downward  from  the  surface  above 
does  not  change  the  general  conclusion,  so  that  there  will  be  a  tendency 
to  maintain  a  plenum  within  the  filter  to  encourage  bacterial  growth 
rather  than  a  vacuum  to  discourage  it. 

Examinations  of  filters  in  Europe  and  America,  where  this  matter 
could  at  all  be  judged,  have  supported  this  conclusion  rather  than 
otherwise. 

It  has  been  said  that  the  descending  water  would  draw  fresh  air 
into  the  filter  as  fast  as  it  was  required  to  supply  the  lack  of  oxygen. 
This  is  true,  but  it  does  not  in  the  least  prevent  the  vacuum  which  is 
produced  within  the  slimy  bacterial  film  from  receiving  air  only  by 
absorption.  Further,  if  the  atmosphere  is  colder  than  the  interior  of 
the  filter,  the  warmer  interior  air,  instead  of  descending  with  the  de- 
scending water,  would  ascend  and  move  in  the  opposite  direction  from 
that  of  the  water. 

Also,  the  fact  that  some  sewage  filter  effluents  show  a  fairly  good 
saturation  with  oxygen  does  not  imply  that  no  vacuum  exists  within 
the  bacterial  film  where  oxidation  is  taking  place. 

The  European  circular  block  filter,  elevated  above  the  ground,  per- 
mits of  the  wind  blowing  against  a  cylindrical  surface,  and  tends  to 
produce  a  plenum  for  a  certain  distance  within  it.  It  has  been  said 
that  no  draft  of  air  is  noticed  within  such  filters,  and  that  practically, 
therefore,  no  circulation  existed  except  near  the  outside  surface  against 
which  the  wind  was  blowing.  The  laws  of  aerodynamics  will  easily 
indicate  wherein  this  conclusion  is  correct  and  incorrect.  Briefly,  it 
cannot  be  expected  that  there  will  be  a  noticeable  horizontal  current 
very  far  into  the  body,  because  of  the  friction,  nor  can  it  be  expected 
to  move  with  equal  velocity  or  direction  through  the  interstices  of 
every  part  of  a  vertical  cylinder  in  which  the  resistance  increases  with 
every  foot  from  side  to  side  both  horizontally  and  vertically.  No  doubt, 
however,  a  block  filter  of  usual  size,  standing  above  the  ground  will 
have  a  better  aeration  than  one  sunk  below  the  ground. 

If  the  filters  are  sunk  into  the  ground,  a  plenum  can  be  obtained 
by  hoods  automatically  turned  toward  the  wind  by  vanes.  The  air 
can  be  discharged  into  the  drains  to  force  it  upward  through  the  filter. 
Or,  in  a  climate  requiring  covered  filters,  it  can  be  discharged  in  the 
space  beneath  the  roof  and  allow  of  an  escape  downward  through  the 
drains. 

The  quantity  of  air  sufficient  to  establish  this  plenum  and  penetrate 
the  films  is  small,  as  but  a  slight  excess  is  required  over  the  quantity 
withdrawn  by  oxidation  in  the  filter.  There  is,  of  course,  no  objec- 
tionable result  from  a  larger  quantity  of  air  passing  through  the  bed. 
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Mr.      There  would  be  no  benefit  derived  in  the  way  of  oxidation  after  all 

®"°^'  the  bacterial  surfaces  are  supplied,  but  there  may  be  a  great  benefit  in 

preventing  algse  growths.     Dunbar  found  that  good  aeration  with  a 

plenum  prevented  algae  growths  which  occurred  near  the  surface  of 

filters  and  tended  to  clog  them. 

As  a  slight  atmospheric  movement  will  furnish  the  plenum,  the  nec- 
essary quantity  of  air  introduced  in  the  winter  of  middle  latitudes  in 
the  United  States  should  not  lower  seriously  the  temperature  within 
the  filter. 

III. — Final  Settling  Basins. — The  object  of  the  basins  receiving 
the  effluents  from  sprinkling  filters  is  to  allow  of  the  settling  of  the 
suspended  matter  which  had  passed  through  the  filters  when  they 
were  unloading.  In  other  words,  when  the  rate  of  dosing  is  accelerated 
and  the  suspended  matter  adhering  to  the  grains  has  lost  its  glutinous 
consistency  by  oxidation,  and  is  therefore  more  easily  detached  and 
generally  found  non-putrescent,  such  matter  is  washed  through  the 
filter,  makes  the  effluent  turbid,  but  deposits  easily.  Therefore,  to  give 
the  effluent  a  better  appearance  and  not  to  produce  turbidity  in  the 
small  watercourses  into  which  in  England  such  effluents  are  usually 
discharged,  English  engineers  have  generally  added  final  settling  basins 
to   their  works. 

When  sewage  has  its  suspended  matter  well  separated  from  the 
liquid  before  it  reaches  a  filter,  when  the  aeration  of  the  filter  is  suffi- 
cient to  prevent  growths  within  it,  and  when  the  filter  is  sufficiently  well 
proportioned  to  allow  of  the  necessary  degree  of  oxidation  to  prevent 
any  further  putrefaction,  then  there  will  be  much  less,  if  any,  cause 
for  final  settling  basins,  and  their  expense  can  often  be  avoided. 
Where,  finally,  the  effluent  can  be  discharged  into  a  river,  such  as 
rivers  in  the  South,  which  almost  always  carry  large  amounts  of  sus- 
pended matter,  then  the  addition  of  a  much  smaller  number  of  parts 
per  million  of  suspended  non-putrescent  solids  is  quite  legitimate. 
Where,  in  fact,  the  river  is  capable  at  certain  times  of  receiving  the 
sludge  itself,  as  the  best  means  of  disposing  of  it,  it  does  not  now  seem 
necessary  in  such  cases  to  have  a  final  settling  basin. 

Therefore,  and  again  particularly  in  streams  in  the  South,  their 
expense  may  be  saved  and  much  better  applied,  in  the  writer's  opinion, 
to  increase  the  facilities  for  preventing  fine  suspended  matter  from 
reaching  the  oxidation  beds  and  to  establish  a  greater  factor  of  safety 
in  those  parts  of  the  work  where  it  is  most  needed. 

As  a  final  treatment,  where  pathogenic  bacteria  should  be  excluded 
from  a  watercourse,  nothing  at  present  appears  to  be  more  effective 
than  a  sterilization  of  the  effluent  by  the  addition  of  a  small  quantity 
of  hypochlorite  of  lime  solution,  as  used  for  some  years  by  certain 
German  cities  at  the  sewage  outfalls  on  their  large  rivers,  and  as  now 
proposed  for  several  American  cities. 
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To  obtain  the  greatest  efficiency  and  economy  for  this  treatment,  Mr. 
it  is  necessary  to  have  as  little  suspended  organic  matter  in  the  sewage 
as  possible.  Separating  tanks,  such  as  the  Emscher  tanks,  may  in 
many  cases  alone  be  sufficient  for  this  purpose  where,  as  in  the 
Emscher  district,  the  effluent  can  be  given  an  ample  dilution,  and 
where  an  additional  oxidation  of  the  liquid  by  a  passage  through  filters 
is  not  necessary. 

George  A.  Johnson,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — Mr.  Mr. 
Gregory's  excellent  paper  is  very  complete  in  all  its  details  as  to  de- 
sign and  construction.  There  is  still  much  to  be  said,  however,  about 
the  practical  operation  of  these  works,  a  feature  which  could  not  well 
be  covered  exhaustively  by  the  author  at  the  time  his  paper  was  written. 
Although  preliminary  tests  and  studies  of  .  the  water-softening  prob- 
lem at  Columbus  were  made  under  the  writer's  direction,  his  particular 
attention  was  given  to  a  study  of  the  sewage  question,  and  it  is  to 
this  portion  of  the  paper  that  he  proposes  to    limit  his  discussion. 

The  water-softening  and  filtration  works  have  already  made  a 
record  to  be  proud  of,  and  the  widespread  satisfaction  of  the  citizens 
of  Columbus  over  the  quality  of  the  water  they  are  now  getting,  and 
the  greatly  diminished  death  rate  from  typhoid  fever  in  the  city,  are 
sufficient  proofs  of  the  fulfillment  by  these  works  of  the  purposes  for 
which  they  were  intended. 

The  sewage  problem  was  worked  out  with  particular  care  and  de- 
liberation, full  advantage  being  taken  of  the  results  of  preliminary  tests 
conducted  by  the  city  for  the  purpose  of  ascertaining  the  most  suitable 
and  economical  method  of  purification  to  meet  local  requirements. 

The  stream  flow  of  the  Scioto  River  is  extremely  low  at  times,  and, 
on  this  account,  a  fairly  clear  and  non-putrescible  effluent  is  required. 
In  any  process  of  sewage  purification  which  will  effect  this  result,  a 
large  percentage  of  the  sewage  bacteria  will  be  removed  as  a  matter 
of  course.  More  complete  bacterial  purification  than  that  which  would 
be  effected  in  septic  tanks,  sprinkling  filters,  and  their  subsidiary 
settling  basins,  was  not  deemed  necessary,  for  it  is  200  miles  by  river 
to  the  first  important  water-works  intake — that  of  the  City  of  Cin- 
cinnati. More  than  this,  a  part  of  the  sewerage  system  of  Columbus 
is  built  on  the  combined  plan,  and,  even  now,  considerable  sewage  in 
its  crude  state  escapes  into  the  river  through  the  storm  overflows 
after  heavy  rains.  Consequently,  any  apprehension  of  danger  which 
may  be  held  to  be  attached  to  the  possible  presence  of  disease  germs 
In  the  sewage  or  sewage  effluent  entering  the  river  at  Columbus,  will 
presumably  be  directed  more  particularly  to  the  sewage  escaping  from 
the  storm  overflows  than  to  the  effluent  of  the  purification  works. 

Pathogenic  bacteria  not  only  do  not  multiply  in  sewage,  but  die 
out  with  great  rapidity  in  such  an  environment.  The  classic  researches 
of  Messrs.  Jordan,  Russell,  and  Zeit,  on  the  longevity  of  the  typhoid 
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Mr.      germ  in  the  Chicago  Drainage  Canal,  furnish  the  best  direct  evidence 

^  °^°"'  on  this  point.    It  appears,  therefore,  to  be  plain  that  there  must  be  a 

high  mortality  among  such  pathogenic  bacteria  as  the  crude  sewage 

may  contain,  during  their  passage  through  the  various  parts  of  the 

purification  works,  particularly  in  the  septic  tanks. 

There  is  considerable  diversity  of  opinion  among  engineers  and 
public  sanitarians  as  to  the  quality  of  work  which  sewage  purification 
works  should  do  as  to  meeting  local  requirements.  The  idealist  hopes 
for  complete  purification  of  sewage,  when  discharged  into  large  rivers, 
even  carrying  the  purification  beyond  the  point  of  obtaining  a  clear 
and  non-putrescible  effluent,  into  the  field  of  sterilization.  There  are 
extreme  cases  where  such  a  degree  of  purification  may  be  necessary, 
snd  it  always  may  be  desirable,  but  the  benefit  derived  from  such 
treatment  must  be  very  great  to  justify  the  effort  and  the  cost.  At 
Columbus,  the  local  conditions  did  not  appear  to  require  such  complete 
bacterial  purification,  the  problem  being  essentially  one  of  eliminating 
nuisances  in  the  immediate  vicinity  of  the  city,  rather  than  effecting  a 
degree  of  purification  from  the  standpoint  of  the  pollution  of  the 
water  supplies  of  nearby  cities. 

Up  to  the  time  of  the  Columbus  experiments  there  was  considerable 
speculation  among  engineers  as  to  whether  a  sprinkling  filter,  with 
the  sewage  distributed  in  a  fine  spray  over  the  surface  of  the  bed, 
could  be  operated  eflEiciently  during  the  cold  winter  months.  It  is 
gratifying  to  note  that,  during  the  year  1909,  no  more  trouble  was  en- 
countered in  the  operation  of  the  main  works  at  Columbus  than  was 
met  with  during  the  preliminary  investigations.  The  distribution  of 
sewage  over  the  surface  of  the  stone  appears  to  be  interfered  with  but 
little  by  the  formation  of  ice  on  the  bed,  and  it  is  probable  that  this 
fact  would  hold  true  in  considerably  colder  climates  than  that  at 
Columbus. 

On  making  a  careful  study  of  the  results  of  the  practical  opera- 
tion of  the  Columbus  Sewage  Works  for  the  year  1909,  it  is  particularly 
gratifying,  to  the  writer  at  least,  to  observe  that  they  are  in  all  re- 
spects an  almost  complete  confirmation  of  the  beliefs  which  were 
largely  founded  on  the  results  of  the  preliminary  investigations  made 
at  Columbus  in  1904-05  under  his  direction. 

The  septic  tanks  have  proven  fully  as  efficient  as  was  expected  in  the 
removal  of  suspended  matter,  averaging  60%  for  the  entire  year. 
During  the  month  of  July,  the  percentage  removal  was  low,  due, 
largely,  to  the  abnormally  small  amount  of  suspended  matter  in  the  raw 
sewage,  but  the  character  of  the  septic  tank  effluent  during  this  month, 
as  regards  its  content  of  suspended  matter,  was  as  satisfactory  as  usual. 
The  bacterial  removal  by  the  septic  tanks  followed  closely  that  of  the 
suspended  matter,  averaging  57%  for  the  entire  year. 

Many  septic  tanks  have  shown   at  times  higher  numbers   of  bac- 
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teria  in  the  effluent  tlum  in  the  crude  sewage,  due  to  bacterial  propaga-  Mr. 
tion  in  the  tanks,  but  it  by  no  means  follows  that  the  species  of  bac- 
teria which  so  propagate  are  pathogenic.  Rather  is  the  reverse  true, 
for,  as  before  stated,  it  appears  to  be  a  well-established  fact  that 
disease-producing  germs  will  not  multiply  in  water  or  sewage,  and 
that  such  bacteria  as  do  multiply  under  such  conditions  are  harmless 
forms. 

The  removal  of  "oxygen  consumed"  by  the  septic  tanks  and  by  the 
entire  system,  averaging  39  and  70%,  respectively,  for  the  year  1909, 
are  results  thoroughly  in  keeping  with  those  accomplished  by  other 
sewage  works  of  this  type  elsewhere. 

The  sprinkling  filters  have  not  shown  themselves  to  be  efficient  in 
the  removal  of  suspended  matter,  nor  was  it  intended  or  expected  that 
they  would  be.  The  sprinkling  filter  is  not  a  filter  in  the  sense  that 
it  permanently  retains  suspended  matters,  but  may  more  properly 
be  termed  a  biological  machine  whereby  crude  organic  matters,  tem- 
porarily retained  in  the  bed,  are  modified  so  that  they  are  reduced 
to  a  state  of  practical  mineralization.  The  sprinkling  filter  depends 
for  its  economical  and  efficient  operation  on  the  now  well-recognized 
phenomenon  of  being  capable  of  periodically  storing  and  unloading 
suspended  matters,  such  action  being  so  well  balanced  that  a  long 
period  of  years  elapses  during  which  the  filter  may  be  kept  in  con- 
tinuous operation  and  not  become  clogged  and  inefficient. 

As  before  stated,  it  is  decidedly  not  the  purpose  of  a  sprinkling 
filter  to  remove  and  permanently  retain  suspended  matter,  and  a  glance 
at  Table  70  will  show  that  during  the  year  1909,  the  amount  of  sus- 
pended matter  in  the  septic  sewage  applied  to  the  filter,  and  in  the 
filter  effluent,  was  almost  exactly  the  same,  a  feature  demanded  of  any 
efficient  filter  of  this  type,  namely,  that  the  pores  therein  may  not  be- 
come clogged  and  so  prevent  the  free  circulation  of  air  throughout 
the  bed.  Furthermore,  it  must  be  borne  in  mind  that  the  suspended 
matter  which  is  discharged  by  the  sprinkling  filter  is  not  crude  organic 
matter,  such  as  is  found  in  the  applied  sewage,  but  matter  which  has 
been  reduced  practically  to  humus  and  is,  therefore,  subject  to  slight 
possibility  of  further  break-down. 

During  1909  the  final  settling  basins  reduced  the  suspended  matter 
in  the  filter  effluent  to  the  lowest  practicable  limit,  the  average  amount 
found  in  the  effluent  of  these  basins  being  36  parts  per  million  for 
the  entire  year.  This  result  confirms  the  statement  made  by  the  writer,* 
in  which  it  w^as  pointed  out  that: 

"Speaking  generally,  it  appears  that  the  Columbus  sewage  ordi- 
narily contains  in  the  neighborhood  of  50  parts  per  million  of  sus- 
pended matter  which  can  be  removed  by  subsidence  only  in  part  and 

with  great  difficulty  in  practice."  

*  "  Report  on  Sewage  Purification  at  Columbus,  Ohio,"  p.  89. 
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The  bacterial  removal  by  the  Columbus  plant  as  a  whole,  as  indi-      Mr. 

^  1  1      J  Johnson. 

cated  by  the  results  of  analysis  for  1909,  was  not  so  complete  as  had 
been  anticipated,  averaging  77  per  cent.  In  connection  with  this  feat- 
ure consideration  must  be  given  to  the  thought  before  referred  to,  relating 
to  the  propagation  of  harmless  forms  of  bacterial  life  during  the  puri- 
fication process.  The  sprinkling  filter  itself  teems  with  harmless 
bacterial  life,  without  which  its  efiiciency  as  an  oxidizing  machine 
would  cease,  so  that,  while  the  analyses  indicate  a  certain  removal  of 
bacteria,  it  will  be  understood  that  many  of  the  bacteria  contained 
in  the  final  efEuent  were  doubtless  propagated  by  harmless  germs 
during  the  process  of  purification. 

With  a  thorough  knowledge  of  the  behavior  of  the  Columbus  Sewage 
Works  since  they  were  first  put  into  operation,  it  is  gratifying  to  the 
writer  to  be  in  a  position  to  express  the  opinion  that  from  a  con- 
structional standpoint  the  city  has  a  plant  of  which  it  may  well  be 
proud;  and  that  from  a  practical  standpoint  the  works,  in  all  de- 
partments, have  proven  efiicient  in  the  performance  of  the  duties 
required  of  them.  Mr.  Gregory  and  his  associates  are  deserving  of 
high  praise  for  the  character  of  the  work  they  have  done;  and,  for  the 
eminently  successful  performance  of  both  the  water  and  sewage  works 
since  they  were  put  into  operation,  much  credit  is  due  W.  E..  Copeland, 
Assoc.  Am.  Soc.  C.  E.,  Chief  Chemist  of  the  Water-Softening  and 
Purification  Works,  and  Mr.  C.  B.  Hoover,  Chief  Chemist  of  the  Sew- 
age Purification  Works. 

George  W.  Fuller,  M.  Km..  Soc.  C.  E.  (by  letter). — The  author  Mr.  g.  w. 
has  recorded,  in  an  admirable  manner  and  with  great  thoroughness, 
the  design  and  construction  of  the  new  works  at  Columbus.  These 
works  mark,  in  several  ways,  a  new  epoch  in  tbe  history  of  municipal 
engineering,  because  of  the  novelty  associated  with  the  treatment  of 
several  aspects  of  the  local  problems.  Reference  is  made,  of  course, 
to  the  softening  features  of  the  new  water-works,  and  to  the  design  of 
the  first  large  plant  of  the  sprinkling  filter  type  for  the  treatment  of 
sewage  along  lines  which  have  progressed  so  rapidly  during  the  past 
decade. 

The  preliminary  work  done  at  Columbus,  preparatory  to  designing 
the  practical  works,  was  undertaken  with  rather  more  than  ordinary 
thoroughness,  due  to  the  foresight  of  Julian  Griggs,  M.  Am.  Soc.  C.  E., 
who  was  City  Engineer  for  some  years,  and  to  whom  great  credit  Is 
due  for  the  successful  manner  in  which  he  guided  the  execution  of  such 
extensive  improvements  in  works  for  both  water  and  sewage,  for  a 
single  city,  at  the  same  time.  In  some  measure  the  garbage  disposal 
works  should  also  be  mentioned  as  a  part  of  Mr.  Griggs'  far-reaching 
programme,  although  these  works  are  scarcely  completed  at  this  time* 
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Mr.  G.  W 
Fuller. 


Water  Purification  Works. 

The  clarified,  decolorized,  and  softened  Scioto  River  water,  of 
good  quality  hygienically,  has  given  excellent  satisfaction  to  the  citi- 
zens of  Columbus.  The  difference  in  quality  of  the  water  before  and 
after  treatment  shows  a  greater  range,  both  in  work  accomplished  and 
also  in  variation  of  the  degree  of  treatment  effected  along  the  several 
lines,  than  at  any  other  plant  for  the  treatment  of  water  with  which 
the  writer  is  acquainted. 

To  appreciate  this,  attention  is  called  to  the  range  in  the  different 
constituents  of  the  river  water,  as  given  in  Table  71. 


TABLE  71. — Showing  Range,  in  Parts  per  Million,  of  Constituents 

OF   Scioto  River  Water. 


Date. 

Color. 

Turbidity. 

Total 
hardness. 

Alka- 
linity. 

Incrust- 
ants. 

Magne- 
sium. 

Feb.  13,  1909 

17 

40 
70 
100 
80 
45 
45 
75 
87 

22 

86 

431 

1  311 

188 

52 

46 

254 

283 

409 
356 
167 
94 
155 
259 
269 
206 
116 

209 

150 

75 

56 

79 

119 

170 

135 

96 

200 
206 
92 
38 
76 
140 
99 
71 
20 

40 

"       15,1909 

25 

"      17,1909 

14 

"      24,1909 

9 

Mar.     1,1909 

12 

"        8,1909 

19 

June   5.  1909. 

6,1909 

18 
17 

7,1909 

12 

Briefly  stated,  the  Scioto  River  water  is  treated  with  chemicals  in 
the  manner  and  for  the  purposes  as  follows : 

1. — Lime-water  or  a  weak  suspension  of  quicklime  is  added  to  the 
river  water  to  combine  with  the  free  and  half-bound  carbonic  acid, 
and  thus  reduce  the  alkalinity,  or  temporary  hardness,  or  bi-carbonate 
alkalinity,  well  toward  a  limit  where  there  will  be  substantially  no 
more  carbonate  of  lime  and  magnesia  in  the  water  than  is  naturally 
soluble  in  the  absence  of  carbonic  acid.  This  limit  varies  with  the 
temperature  and  other  factors,  but  is  roughly  from  30  to  40  parts 
per  million. 

2. — Lime  is  also  added  in  quantities  in  excess  of  that  required  for 
the  purpose  just  stated,  that  is,  for  combining  with  magnesia  so  as  to 
cause  a  substantial  portion  of  the  magnesia  to  separate  out  as  a  gela- 
tinous flocculent  precipitate.  This  precipitate  is  available,  and  actu- 
ally serves,  as  a  coagulant,  in  removing  turbidity  and  other  con- 
stituents in  a  manner  similar  to  aluminum  hydrate  or  iron  hydrate. 

3. — A  coagulant  is  added  at  times,  in  fact  for  the  greater  portion 
of  the  year,  so  as  to  flocculate  suspended  matters  and  dissolved  color 
coming  from  vegetable  matter  in  a  manner  more  or  less  similar  to  that 
ordinarily  followed  in  preparing  water  for  mechanical  filters  elsewhere 
and  in  the  absence  of  any  softening  operations. 
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4. — Soda  is  added  to  reduce  the  incrustant  or  permanent  hardness  Mr.  g.  w. 
or  sulphate  hardness. 

Bearing  these  statements  in  mind,  attention  is  again  called  to 
Table  71,  wherein  is  shown  a  wide  variation,  occurring  indeed  with  very 
rapid  fluctuations  at  different  hours  of  the  same  day,  with  respect  to 
the  quantity  of  color,  turbidity,  and  hardness,  present  in  the  river  water, 
and  the  varying  amount  of  magnesium  which  can  be  utilized  for  the 
purposes  of  coagulation.  Associated  with  these  conditions  is  a  further 
fact  that  as  a  result  of  the  softening  process  there  is  some  turbidity, 
due  to  granular  carbonate  of  lime,  appearing  in  the  settling  basins. 
Taking  together  the  character  of  the  water  and  the  variations  in  the 
amount  of  chemicals  to  be  added  as  a  result  of  the  inter-reactions 
during  treatment,  especially  as  to  the  effect  of  magnesia  and  turbidity 
due  to  carbonate  of  lime,  it  will  take  the  operators  of  filter  plants  but  a 
moment  to  appreciate  that  the  Columbus  plant  is  more  difficult  to 
operate  than  any  other  water-treating  plant  now  in  service.  Hence, 
in  the  writer's  opinion,  the  results  accomplished  by  Mr.  Copeland  call 
for  substantial  praise  for  his  alertness  and  fidelity  to  his  task  in 
learning  the  individuality  of  the  local  water  and,  at  the  same  time, 
in  maintaining  the  city's  supply  in  a  condition  which  is  rarely  open  to 
criticism. 

The  difficulty  in  operating  the  Columbus  Water  Purification  Works 
on  some  occasions,  especially  after  heavy  rains,  is  probably  greater  than 
is  appreciated  by  any  one  who  has  not  spent  considerable  time  at 
Columbus,  and  who  has  not  observed  the  rapid  fluctuation  in  quality 
of  the  water  in  the  Scioto  River  hour  by  hour  at  different  seasons  of 
the  year,  and  with  different  combinations  and  fluctuations  seldom 
occurring  twice  alike.  The  reason  of  the  difficulty  is  to  be  found  in 
the  rapid  adjustments  to  be  made  in  the  required  quantities  of  chemi- 
cals, due  in  part  to  the  changes  in  the  character  of  the  river  water,  and 
in  part  to  the  inter-reactions  taking  place  in  the  water  undergoing  treat- 
ment.    The  former  can  be  reckoned  with,  but  the  latter  are  puzzling. 

The  writer's  discussion  will  relate  principally  to  differences  in 
behavior  between  what  was  expected  with  the  knowledge  available  at 
the  time  the  plant  was  designed,*  and  that  which  has  been  experienced 
in  practical  operations. 

Filters. — The  mechanical  filters  used  at  Columbus  are  quite  similar 
on  the  whole  to  those  designed  and  built  for  the  Hackensack  Water 
Company,  at  New  Milford,  N.  J.  There  are  some  differences  as 
regards  rate  controllers  and  minor  devices,  as  well  as  in  the  arrange- 
ment of  the  strainer  system.  The  only  feature  which  the  writer 
desires  to  discuss  relates  to  the  effect  on  the  sand  bed  and  strainer 
system  of  the  lime,  which,  to  some  extent,  remains  in  the  water  after 
sedimentation  and  prior  to  filtration.     It  was  expected  that  this  lime 

*  See  article  giving  outline  of  features  considered  in  the  design  of  this  plant  in  Engin- 
eering Record,  Vol.  53,  p.  202. 
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Mr.  G.  w.  would  adhere  to,  and,  to  some  extent,  stick  together  the  sand  grains 
Fuller.  ^}^j(3}^  might  require  some  special  cleaning  treatment  from  time  to 
time.  Practice  has  proved  the  correctness  of  this,  although  it  is  too 
early  yet  to  state  how  frequently  the  sand  layer  will  have  to  be  given 
some  special  treatment  in  order  to  overcome  the  effect  of  the  accumula- 
tion of  lime  on  the  sand  grains.  Speaking  generally,  the  deposit,  after 
a  year  and  a  half  of  service,  is  not  of  great  significance;  and  it  seems 
fair  to  state  that  whatever  cost  is  necessary  for  the  cleaning  of  sand, 
due  to  the  effect  of  lime,  it  will  not  be  great,  and  that  the  use  of  a 
mechanical  filter  in  the  final  treatment  of  water  undergoing  softening 
is  a  practical  success. 

Settling  Basins. — The  settling  basins  have  behaved  substantially  as 
was  expected,  and  there  is  no  novel  feature  with  respect  to  them,  other 
than  the  opportunity  provided  for  their  use  in  parallel  or  in  series, 
and  of  withdrawing  the  water  after  it  has  passed  through  only  a 
portion  of  the  settling  basins,  with  the  idea  of  having  it  in  suitable 
condition  for  filtration  without  the  application  of  coagulants. 

Coagulation. — The  use  of  a  coagulant  in  conjunction  with  the 
softening  process  has  extended  to  a  somewhat  greater  period  through- 
out an  ordinary  year  than  was  expected.  This  is  partly  due  to  the 
water  being  rather  more  turbid  than  was  expected  after  coming  from 
the  Scioto  River  Storage  Reservoir;  partly  to  the  inability  to  pre- 
cipitate as  much  of  the  magnesium  in  the  form  of  the  gelatinous 
hydrate  as  was  expected;  and  partly  and,  perhaps  principally,  to  a 
secondary  turbidity  developing  in  the  settling  basins  and  caused, 
apparently,  by  the  slow  settling  out  of  the  granular  carbonate  of  lime 
which  results  from  the  softening  treatment. 

Application  of  Raw  Water. — As  regards  the  use  of  facilities  for 
applying  raw  water  for  correcting  caustic  alkalinity,  due  to  faulty 
application  of  lime,  at  times  when  the  river  water  is  rapidly  fluctuat- 
ing, it  should  be  stated  that  at  such  times  this  arrangement  is  used 
with  much  satisfaction.  Generally  speaking,  it  does  not  seem  to  be 
necessary  to  make  use  of  that  procedure  as  a  regular  feature  in  the 
operation  of  the  plant. 

Application  of  Chemicals. — This  portion  of  the  plant  contains  a 
number  of  very  excellent  features.  There  are  also  several  features 
about  the  Columbus  design  which  are  capable  of  improvement,  and 
have  been  improved  in  designs  elsewhere,  prepared  since  the  Columbus 
works  were  put  under  contract  in  June,  1905.  The  use  of  lime-water 
as  distinguished  from  a  weak  suspension  of  lime  did  not  work  out 
satisfactorily,  although  with  some  minor  changes  lime-water  could 
doubtless  have  been  secured  and  used  as  intended.  The  very 
thoroughly  baffled  reaction  or  mixing  chamber  has  proven  successful 
and  ample.  It  eliminates  some  of  the  disadvantages  due  to  deposits  of 
lime,  which  were  expected  to  be  associated  with  the  use  of  lime  sus- 
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pensions.    The  use  of  solutions  or  suspensions  of  the  various  chemicals  Mr.  G.  w. 
of  known  strength  is,  of  course,  in  accordance  with  the  earlier  plants 
at  Little  Falls,  New  Milford,  and  elsewhere.     The  method  is  doubtless 
capable  of  giving  excellent  results  when  well  handled,  although  it  is 
true  that  the  local  stirring  arrangements  were  not  fully  adequate. 

Chemical  Feed  Regulator. — As  regards  automatic  control  of  the 
volume  of  chemical  solutions  so  that  the  application  will  be  in  propor- 
tion to  the  flow  of  river  water  entering  the  plant,  it  is  the  writer's 
belief  that  the  idea  is  an  excellent  one,  and  that  the  devices  designed 
at  Columbus  afford  a  reasonable  procedure  to  that  end.  There  is  no 
doubt  that  the  chemicals  received  at  Columbus,  and  applied  to  the 
water,  have  proved  much  more  bothersome  than  was  anticipated.  This 
has  been  due  in  part  to  the  chemicals  being  of  a  much  poorer  quality 
that  was  expected.  Thus  it  was  hoped,  as  regards  quicklime,  that  there 
would  be  no  difficulty  in  securing  a  grade  with  something  like  95%  of 
available  lime.  A  product  having  this  purity,  however,  has  not  been 
found.  As  to  sulphate  of  iron  and  sulphate  of  alumina,  these  products, 
as  used  at  Columbus,  seem  to  have  been  much  more  corrosive  than  the 
ordinary  grades  elsewhere.  In  fact,  six  or  eight  months  of  service  at 
the  Columbus  plant,  as  regards  the  coagulant  layout,  seems  to  have 
produced  more  effect  as  to  wear  and  tear  than  did  six  or  eight  years  of 
service  at  the  plant  at  Little  Falls,  N.  J. 

Soda  Tanhs. — The  effect  of  soda  on  concrete  was  not  understood 
at  the  time  the  Columbus  plant  was  designed  and,  from  the  limited 
experience  available,  it  was  not  expected  that  the  masonry  would  be 
attacked  to  the  extent  which  has  occurred. 

"Tuning-Up" — Speaking  generally,  the  devices  for  the  application 
of  chemicals  at  the  Columbus  works  are  capable  of  doing  good  and 
efficient  service  with  the  ordinary  grades  of  chemicals.  With  some 
additional  care,  the  same  is  true  with  the  chemicals  which  were  actually 
used  during  the  first  few  months  of  operation.  It  is  likewise  true  that 
there  are  quite  a  number  of  little  things  which  can  and  should  be 
improved,  and  which  ordinarily  come  under  what  is  called  the  "tuning- 
up"  process  of  a  plant  containing  such  a  wide  range  in  devices  as  the 
one  in  question.  The  Columbus  plant  has  not  been  "tuned-up"  as 
promptly  or  as  thoroughly  as  has  been  the  case  with  similar  plants 
elsewhere.  This  has  been  due  to  several  reasons;  among  which  may 
be  mentioned  the  question  of  availability  of  funds  at  the  time  when 
the  plant  first  went  into  service,  although  the  sum  involved  was  merely 
nominal  when  expressed  in  percentages  of  the  total  cost;  and  also  to 
uncertainty  as  to  how  the  "tuning-up"  could  be  carried  out  most 
satisfactorily  to  meet  all  the  requirements  of  the  river  water  in  its 
variations  throughout  the  year. 

Degree  of  Softness. — It  is  planned  to  reduce  the  total  hardness  of 
the  water,  as  sent  to  the  city,  to  about  90  or  100  parts  per  million. 


424     DISCUSSION  :  water  and  sewage  works,  COLUMBUS,  OHIO 

Mr.  G.  w.  There  have  been  a  few  occasions  when  the  hardness  of  the  softened 
^^'^^^"  water  has  been  120  parts  or  so,  and  this  usually  produced  some  un- 
favorable comment,  particularly  if  it  occurred  on  "wash  day."  Such 
an  amount  of  hardness  was  practically  without  exception  the  result 
of  mishaps,  and  certainly  can  be  avoided  at  all  seasons  of  the  year 
with  this  plant.  Cold  weather,  of  course,  slows  up  the  reactions  and 
it  would  be  difficult  to  get  at  all  times  a  total  hardness  of  the  softened 
water  of  about  75  parts  per  million,  although  for  the  warm  seasons  of 
the  year  this  is  perfectly  feasible.  As  the  waters  of  Lake  Michigan 
and  Lake  Erie  contain  from  120  to  140  parts  of  total  hardness  and 
seem  to  satisfy  the  water  consumers  in  the  various  lake  cities,  it  is  a 
question  in  the  writer's  mind  if  it  is  worth  while  for  people  in  the 
Middle  West,  accustomed  to  hard  water,  to  go  to  the  expense  of 
softening  water  to  less  than  120  parts,  which  is  about  the  point  where 
the  Columbus  water  consumers  begin  to  complain  of  hardness. 

Bacterial  Results. — From  a  hygienic  standpoint,  the  bacteria  of  an 
objectionable  nature  have  unquestionably  been  removed  with  sub- 
stantial thoroughness.  This  is  demonstrated  by  the  very  gratifying 
reduction  in  the  prevalence  of  typhoid  fever  in  Columbus  since  the 
plant  went  into  service.  It  is  true  that  growths  of  certain  harmless 
species  of  water  bacteria  have  occurred  in  the  settling  basins  at  times, 
but  experience  at  various  places  in  the  United  States  and  Europe 
shows  that  such  growths  are  not  related  to  disease-producing  germs. 
The  writer  has  seen  more  or  less  similar  growths  in  a  dozen  different 
places,  including  plants  with  both  types  of  filters,  beginning  with  the 
experimental  filters  at  the  Lawrence  Experiment  Station  of  the  Massa- 
chusetts State  Board  of  Health,  in  the  summer  of  1892.  The  practica- 
bility of  hypochlorite  of  lime  for  purposes  of  sterilization  was,  of 
course,  unknown  when  the  Columbus  filters  were  designed.  The 
development  of  practical  knowledge  of  water  sterilization  constitutes 
one  of  the  most  important  steps  in  advance  during  the  last  few  years, 
and  its  use  at  Columbus  is  fitting  at  a  plant  which  does  so  much  toward 
the  improvement  of  the  local  river  water. 

Corrosion. — As  far  as  the  writer  has  been  able  to  learn,  the  filtered 
water  at  Columbus  is  rather  less  corrosive  as  to  iron  than  ordinary 
filtered  water  or  ground-water.  This  is  due,  of  course,  to  the  substantial 
absence  of  free  and  half-bound  carbonic  acid.  The  water  will  rust 
iron  surfaces,  of  course,  which  is  true  of  all  waters  well  supplied  with 
dissolved  atmospheric  oxygen.  The  water  has  produced  some  effect 
on  galvanized  parts  of  meters,  and  it  is  unquestionably  true  that 
waters  containing  mono-carbonate  alkalinity,  and  caustic  alkalinity 
have  added  powers  for  dissolving  zinc.  The  mono-carbonate  alkalinity 
is  characteristic  of  the  water  of  practically  all  cities  where  lime  and 
sulphate  of  iron  are  used  in  the  coagulation  of  the  water  supply. 
Caustic  alkalinity  has  ai)peared  to  quite  a  noticeable  degree  on  a  few 
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occasions,  and  is  practically  due  in  every  instance  to  some  mishap  in  Mr.  G.  w. 
the  application  of  lime.    It  is  the  writer's  belief  that  the  operation  of      ^ 
the  plant  is  now  sufficiently  in  hand  so  that  caustic  alkalinity  need 
not  appear,  although  he  doubts  if  any  real  objection  can  be  made  to 
a  water  which  contains  a  slight  trace,  say,  up  to  a  limit  of  about  5 
parts  per  million. 

Se\v..'^^-  Purification  Works. 

As  others  of  the  staff  of  consulting  engineers  will  discuss  the 
Sewage  Works,  the  writer  will  confine  himself  to  a  very  few  com- 
ments in  this  regard.  He  desires  to  point  out,  however,  that  the  plant 
is  giving  a  result  which,  in  his  opinion,  reasonably  meets  the  require- 
ments of  the  local  conditions. 

The  increase  in  size  of  the  stone  in  the  sprinkling  filter  is  doubtless 
an  advantage  when  due  regard  is  given  to  the  cost  of  maintenance. 
It  is  a  fact,  however,  that  the  material  is  considerably  coarser  than 
that  used  in  the  test  filters  studied  under  Mr.  Johnson's  direction.  The 
size  and  depth  of  material  in  the  sprinkling  filters  of  the  main  works 
at  Columbus  seem  hardly  capable  of  giving  as  good  an  effluent  as  was 
obtained  from  the  better  experimental  filters,  under  the  conditions  of 
dosing  originally  designed  for  the  main  works.  The  difficulty  seems 
to  be  in  too  high  a  rate  of  sewage  flow  through  certain  limited  areas. 
Beginning  with  the  summer  of  1909,  this  was  corrected  in  part  by 
hand  regulation  of  the  sluice-gates  in  the  main  gate-house.  This  will 
soon  be  corrected  with  permanent  appliances,  the  delay  having  been 
occasioned  by  the  lack  of  electric  power  which  will  soon  be  available 
from  the  the  new  garbage  reduction  plant  now  nearing  completion  in 
the  immediate  vicinity  of  the  sprinkling  filter  plant. 

When  the  sprinkling  filter  is  unloading  its  stored  material,  and  at 
times  of  very  low  water,  it  has  seemed  desirable  to  use  the  final  settling 
basins,  but,  on  other  occasions,  it  has  been  the  writer's  advice  to  by- 
pass them. 

As  to  the  septic  tanks,  the  process  of  bacterial  destruction  of  sus- 
pended matter  has  been  rather  more  active  in  the  large  works  than  in 
the  small  tanks  studied  at  the  testing  station.  The  septic  sludge  has 
very  little  odor  indeed,  and  more  nearly  resembles  the  septic  sludge  at 
Birmingham,  England,  than  that  at  any  other  place  in  this  country 
with  which  the  writer  is  familiar. 

The  ebullition  of  gas  in  the  septic  tanks  is  more  intense  than  is 
usually  noted,  and  there  has  been  more  odor  on  some  occasions  from 
the  septic  tanks  and  spray  jets  than  was  considered  desirable.  As  far 
as  known,  the  odor  has  never  been  noticeable  more  than  300  yards 
distant.  It  was  considered  advisable,  however,  to  use  alternately  the 
different  compartments  of  the  septic  tanks,  and  the  shorter  detention 
period  seems  to  be  desirable  in  guarding  against  bacterial  decomposi- 
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Mr.  G.  w.  tion  of  the  sewage  flowing  through  the  tanks  as  distinguished  from  the 
sludge  resting  upon  the  bottom. 

The  Columbus  works  seem  to  have  been  handicapped  considerably 
by  going  into  service  in  the  late  autumn,  their  biological  functions 
not  having  become  established  before  the  appearance  of  cold  weather. 
In  studying  the  results  as  to  putrescibility,  it  should  be  borne  in  mind 
that  this  test  is  applied  more  rigidly  than  ordinarily  is  the  case  else- 
where. 

In  closing,  the  writer  desires  to  commend  the  thorough  painstaking 
investigations  of  Mr.  Clarence  B.  Hoover,  Chemist  in  Charge,  as  to 
the  behavior  of  these  disposal  works  in  their  various  relations  to  local 
conditions. 
Mr.  John  H.  Gregory,  M.  Am.  Soc.  C.  E.  (by  letter). — The  writer  is 

Gregory,  exceedingly  gratified  that  the  paper  has  served  to  bring  out  such  an 
interesting  and  valuable  discussion.  As  various  phases  of  the  opera- 
tion of  the  works  have  been  covered  by  others  in  their  discussions,  the 
writer  will  confine  his  closing  remarks  to  matters  not  touched  on  by 
them  or  such  as  would  seem  to  call  for  further  explanation. 

Water-Worlcs. — Mr.  W.  B.  Fuller  raises  the  question  of  the  opera- 
tion of  the  pumping  station  by  electricity  or  compressed  air.  In  Mr. 
Gray's  report  it  was  shown  that  a  certain  amount  of  power  could  be 
developed  from  the  surplus  water  flowing  over  the  dam.  During  certain 
months  of  the  year,  however,  the  flow  in  the  river  is  so  low  that  no 
power  would  be  available,  and  during  others  only  a  small  amount. 
This  would  require  then  the  installation  of  a  steam  boiler  plant  at  the 
pumping  station,  and  the  pumping  engines  would  have  to  be  con- 
structed to  operate  by  steam  as  well  as  by  electricity  or  compressed 
air,  or  duplicate  machinery  would  have  to  be  put  in.  The  city  officials 
were  committed  to  the  construction  of  only  the  low  dam.  The  raising 
of  the  dam  was  left  to  the  future.  The  amount  of  power  available 
from  the  low  dam  was  much  less  than  from  the  high  dam.  There  was 
no  prospect  at  all  that  funds  for  the  construction  of  the  power  plant 
at  the  dam  would  soon  be  available,  or  for  many  years  to  come.  As 
stated  previously,  no  funds  were  available  for  the  construction  of  the 
conduit  from  the  dam  to  the  purification  works,  and,  in  the  writer's 
opinion,  the  construction  of  the  conduit  and  other  works  is  of  more 
importance  than  the  power  plant.  The  city  was  building  a  steam- 
operated  municipal  electric  light  plant,  which  has  since  been  completed, 
and  is  in  very  successful  operation.  A  power  plant  at  the  dam  could 
be  operated  to  advantage  in  connection  with  the  municipal  light  plant. 
It  was  mainly  in  view  of  these  various  factors  that  it  was  decided  to 
build  only  a  steam-operated  plant  at  the  pumping  station. 

Several  have  called  attention  to  the  fact  that  the  reservoir  is  located 
in  the  main  valley  of  the  river,  and  that  the  total  flow  of  the  river 
must  pass  through  the  reservoir  at  all  times.    The  location  is  not  ideal, 
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but  the  topography  is  such  that  no  other  solution  was  possible,  except  Mr. 
at  a  prohibitive  cost.  It  was  fully  appreciated  that  during  floods 
relatively  soft  water  with  high  turbidity  would  have  to  be  treated  in  the 
purification  works,  necessitating  the  most  careful  operation  to  produce 
a  satisfactory  effluent.  Lateral  storage  reservoirs,  unquestionably, 
would  be  of  great  value,  and  this  point  was  not  overlooked,  but,  even 
if  a  suitable  location  could  be  found,  they  would  still  be  of  no  service 
until  the  conduit  was  built,  and  possibly  then  only  by  building  an 
additional  pumping  plant.  It  is  to  be  hoped  that  in  the  future  more 
extended  investigations  will  be  made  to  see  if  some  means  cannot  be 
found  to  furnish  the  works,  during  flood  stages  in  the  river,  with  water 
which  will  not  change  so  rapidly  in  character  and  may  be  handled 
more  easily. 

Attention  has  been  called  to  the  somewhat  complex  design  of  the 
works  and  to  their  elasticity.  The  problem  was  not  a  simple  one,  and 
the  works  had  to  be  designed  to  meet  various  conditions,  as  pointed 
out  by  Mr.  Kimberly.  The  preliminary  experiments  were  limited,  were 
carried  out  only  on  a  small  scale,  and  could  serve  only  as  a  general 
guide.  Had  the  knowledge  which  has  since  been  obtained  been  avail- 
able when  the  works  were  designed,  there  is  no  doubt  that  modifica- 
tions in  certain  features  of  the  design  would  have  been  made.  That 
the  works  are  not  as  simple  as  a  plain  mechanical  filter  plant,  is 
granted,  and  they  hardly  could  be,  but  when  one  becomes  familiar  with 
the  functions  of  the  various  parts,  the  works  are  not  as  complex  as  one 
would  at  first  thought  imagine.  As  there  was  lack  of  knowledge  on 
certain  features,  it  was  necessary  that  the  design  be  more  or  less 
elastic.  A  certain  amount  of  elasticity  was  absolutely  necessary,  but 
too  much  was  undesirable.  The  engineers  tried  to  provide  what  in 
their  opinion  seemed  ample,  but,  as  the  writer  has  pointed  out  and  as 
Mr.  Copeland  has  confirmed,  there  was  not  sufficient  elasticity  in 
certain  parts.  Some  modifications  have  been  made,  and  probably  some 
few  others  will  be  carried  out  at  a  later  date. 

Mr.  Copeland's  discussion  is  especially  valuable  in  pointing  out 
some  of  the  troubles  which  may  be  expected  when  designing  works 
with  limited  data.  Some  of  these  troubles  were  of  minor  importance, 
such  as  not  providing  fine  enough  screens  on  the  dissolving  tanks,  an 
insufficient  number  of  arms  on  the  stirring  devices,  and  making  one 
or  two  drain  pipes  too  small.  These,  however,  were  readily  corrected, 
with  little  trouble  and  at  slight  expense.  It  was  appreciated  that,  with 
the  chemicals  to  be  handled,  sludge  deposits  were  to  be  expected  at 
certain  points,  and  an  unusual  number  of  connections  for  blowing  out 
with  steam  and  water  were  provided.  Mr.  Copeland's  discussion  goes 
to  show  that  too  much  care  cannot  be  exercised  in  designing  the  piping 
for  works  of  this  magnitude,  especially  where  some  of  the  chemical 
solutions  must  be  carried  a  considerable  distance. 
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Mr.  Keferring  to  the  coagulant  piping,  it  would  seem  that  lead-lined 

Gregory,  p-p^^  ^^^^  ^j^]^  ^j-^g  most  careful  inspection,  cannot  always  be  relied  on. 
With  regard  to  carrying  the  coagulant  pipe  through  concrete  walls, 
this  is  correct,  but  it  should  also  be  stated  that  at  each  of  these 
points  the  pipe  is  not  bedded  in  the  concrete  but  passes  through  an 
iron  pipe  sleeve,  thus  permitting  the  pipe  to  be  removed  if  desired. 
In  the  main  dividing  wall  of  the  gate-house,  the  pipe  is  below  the  sur- 
face of  the  water,  but,  to  get  at  it,  it  is  only  necessary  to  lower  the 
water  in  the  settling  basins  a  little  more  than  1  ft.,  and  in  operation 
the  level  frequently  fluctuates  that  much.  Flange  fittings  were  pro- 
vided at  each  grid,  and  provision  was  also  made  for  blowing  out  the 
piping.  As  it  has  been  found  desirable  to  be  able  to  add  coagulant  at 
two  different  places  at  the  same  time,  it  would  be  better  to  have  the 
pipe  above  the  floor  of  the  gate-house,  thus  permitting  a  more  direct 
connection  to  each  measuring  device,  and  it  was  the  writer's  under- 
standing that  this  change  was  to  be  made. 

Referring  to  the  rate  of  application  of  the  wash-water  to  the  filters, 
and  the  carrying  of  sand  over  into  the  gutters  at  the  maximum  rate, 
tlie  writer  would  say  that  this  trouble  has  been  experienced  in  other 
works,  but  it  can  be  easily  remedied  by  lowering  the  level  of  the  sand 
somewhat,  or  by  raising  the  edges  of  the  gutters,  or  by  doing  both. 

The  dislodgment  of  the  gravel  underdrains  in  the  filters,  however, 
is  another  matter.  In  other  works  with  which  the  writer  is  familiar 
no  trouble  is  experienced  with  the  gravel  shifting  when  wash-water  is 
applied  at  the  maximum  rate  for  which  the  Columbus  works  were 
designed.  In  discussing  this  matter  it  is  necessary  to  refer  not  only  to 
the  design  but  to  the  operation  of  the  works.  The  high-water  line  in 
the  wash-water  tank  is  20  ft.  2  in.  above  the  tops  of  the  gutters  in  the 
filters.  In  the  pipe  line  from  the  tank  to  the  filters  there  is  a  wash- 
wafer  controller,  with  a  by-pass.  The  controller  was  designed  to  regu- 
late the  rate  of  application  of  the  wash-water,  and  is  adjustable.  The 
valves  admitting  wash-water  to  the  filters  are  operated  hydraulically. 
It  is  the  writer's  understanding  that  the  controller  is  not  used,  the 
water  passing  through  the  by-pass  and  its  rate  of  application  to  the 
filter  being  controlled  by  hand  by  throttling  the  gate-valve,  the  reason 
being  that  different  filters  have  to  be  washed  at  different  rates.  If  the 
valve  were  opened  too  wide,  the  full  head  from  the  wash-water  tank, 
less  friction,  would  be  applied  to  the  gravel  underdrains,  and  dislodg- 
ment of  the  gravel  would  surely  follow.  The  writer  does  not  say  that 
this  has  actually  occurred,  but  it  would  seem  to  him  highly  probable. 
In  providing  the  controller,  the  writer  had  in  view  the  double  purpose 
of  furnishing  a  means  of  measuring  the  rate  of  application  of  the  wash- 
water  and  of  providing  means  whereby  the  full  head  from  the  tank 
could  not  be  ai)plied  to  the  filter,  as  the  controller  acts  as  a  pressure 
reducing  valve.     If  it  is  necessary  to  wash  different  filters  at  different 


I 


DISCUSSION  :  WATER  AND  SEWAGE  WORKS,  COLUMBUS,  OHIO      429 

rates,   or  to  vary  the  rate  during  the  washing  of  any  one  filter,  as  is      Mr. 
sometimes  desirable,  the  writer  believes  that  trouble  with  dislodgment    ^^^®^y- 
of  the  underdrains  would  be  overcome  by  closing  the  by-pass  and  letting 
the  water  flow  through  the  controller,  setting  the  latter  for  the  maxi- 
mum rate  necessary,  and  then  throttling  the  inlet  valve  by  hand  for  the 
lower  rates. 

With  regard  to  Mr.  Potter's  criticisms  of  the  bacterial  removal  by 
the  settling  basins  on  certain  dates,  the  writer  believes  these  are  suffi- 
ciently answered  in  the  discussions  by  Messrs.  W.  R.  Copeland  and 
C.  P.  Hoover.  On  the  earlier  dates  cited,  the  high  number  of  bacteria 
in  the  settled  water,  especially  on  February  17th,  was  evidently  due 
to  an  insufficient  amount  of  coagulant,  and  had  Mr.  Potter  in  his 
Table  68  presented  all  the  pertinent  data,  the  reason  for  the  high  num- 
ber in  the  settled  water  would  have  been  apparent.  It  should  also  be 
borne  in  mind  that  the  works  were  passing  through  their  first  winter 
of  operation,  and  that  full  knowledge  of  the  amount  of  and  best 
method  of  applying  the  chemicals  had  not  been  gained.  On  the  later 
dates  cited,  the  high  numbers  were  due  to  growths  of  non-pathogenic 
bacteria  in  the  sludge.  That  the  high  bacterial  counts  in  the  settled 
water  are  not  due  to  what  Mr.  Potter  calls  the  collapse  of  the  settling 
basins,  is  evident  from  an  examination  of  all  the  data  presented.  The 
writer  is  not  aware  that  any  trouble  has  been  experienced  in  the  settling 
basins  by  the  precipitates  sloughing  from  the  side  slopes,  and  in  Mr. 
Copeland's  discussion  will  be  found  a  statement  as  to  the  way  the 
sludge  accumulates  in  the  basins. 

Mr.  Potter  also  brings  up  the  question  of  the  sterilization  of  the 
treated  water  by  hypochlorite  of  lime  or  soda.  That  treatment  with 
hypochlorite  of  lime  has  been  found  advantageous  at  Columbus  has 
been  mentioned  by  both  Mr.  Copeland  and  Mr.  C.  P.  Hoover  in  their 
discussions,  and,  as  further  stated  by  them,  its  use  has  been  adopted 
as  an  adjunct  to  the  other  processes.  With  regard  to  Mr.  Potter's 
remarks  relative  to  the  "elimination  of  the  filter  where  water-softening 
processes  are  in  use,  its  place  being  taken  by  sterilization  with  hypo- 
chlorite of  lime  or  soda,"  it  is  possible  under  certain  conditions  that 
such  could  be  the  case,  but  not  where  the  character  of  the  raw  water 
is  such  that  turbidity  is  a  factor,  or  where  the  formation  of  a  secondary 
turbidity  takes  place  in  the  settling  basins.  That  hypochlorite  of  lime 
is  an  extremely  efficient  agent  in  bacterial  removal,  as  demonstrated 
during  the  last  few  years,  is  hardly  open  to  question,  but  had  the 
results  of  this  treatment  been  known  at  the  time  the  Columbus  works 
were  designed,  the  filters  would  still  unquestionably  have  been 
included.  Hypochlorite  of  lime  will  not  remove  turbidity.  At 
Columbus,  during  flood  stages  of  the  river,  the  quantity  of  chemicals 
required  for  water  softening  is  greatly  reduced,  and  not  only  bacteria, 
but  turbidity,  still  have  to  be  removed,  and  for  this  reason  alone  the 
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Mr.  filters  would  be  required.  Assuming,  however,  that  the  filters  could  be 
regory.  gjjjj^jj^^^^^j^  ^^q  Writer  believes  that  Mr.  Potter  over-estimates  the 
saving  when  he  states  that  thereby  "approximately  40%  of  the  cost  of 
constructing  the  Columbus  plant  could  have  been  saved."  The  items 
of  cost,  as  given  in  Table  10,  which  would  be  eliminated,  would  be  the 
filter  gallery,  the  air-wash  equipment,  the  wash-water  tank,  and  the 
wash-water  pipe,  a  total  of  $112  720,  or  21.2%  of  the  total  cost  of  the 
purification  works,  namely,  $532  480.  The  other  portions  of  the  works 
would  remain  substantially  the  same,  but  there  would  be  a  slight  addi- 
tional cost  for  the  hypochlorite  of  lime  treatment.  The  total  reduction 
in  cost,  therefore,  would  have  been  about  20%,  instead  of  40  per  cent. 

With  regard  to  the  point  mentioned  by  Dr.  Kideal  as  to  the  princi- 
ples on  which  the  chemicals  are  applied,  it  should  be  stated  that  the 
amount  of  chemicals  required  per  unit  of  volume  of  water,  which  of 
course  varies  greatly  with  the  character  of  the  water,  is  determined  by 
the  chemists  in  charge  from  the  results  of  analyses  made  in  the  labora- 
tory. The  chemical  feed  regulators  manifestly  could  not  perform  this 
function,  but  with  a  predetermined  ratio  of  weight  of  chemical  to  a 
unit  of  volume  of  water,  the  regulators  automatically  maintain  this 
ratio  independent  of  the  total  volume  of  water  treated.  The  provision 
for  adding  raw  water  to  the  settling  basins  to  eliminate  traces  of 
caustic  alkalinity  was  included  mainly  as  a  corrective  measure  in  case 
of  disarrangement  or  of  an  accidental  overtreatment  of  the  water 
with  chemicals,  and  was  not  for  regular  use. 

Dr.  Fowler  raises  an  interesting  question  as  to  the  operation  of 
water  filters  on  the  same  principle  as  sewage  sprinkling  filters.  This 
subject  is  still  in  the  experimental  stage,  and  additional  data  will  be 
looked  for  with  great  interest.  As  applied  to  Columbus,  it  might  be 
feasible  to  rearrange  one  of  the  filters  so  as  to  operate  on  this  principle, 
and  an  experimental  investigation  of  this  kind  would  unquestionably 
be  of  value,  but  to  handle  the  whole  supply  in  this  way,  while  perhaps 
not  impossible,  would  be  impracticable,  and  would  require  a  large 
additional  expenditure. 

As  to  the  point  raised  by  Mr.  Hazen  relative  to  the  difference  in 
elevation  between  the  water  line  on  filters  and  in  filtered-water  reser- 
voirs, there  seems  to  be  no  uniform  practice.  At  Columbus  it  is  10  ft., 
while  in  some  works  it  is  more  and  in  others  less.  The  tendency, 
generally,  with  more  recent  designs,  is  to  provide  less  head  than  in  the 
earlier  ones.  At  Columbus  there  is  no  reason  why  a  less  head  could 
not  have  been  used,  as  the  controllers  are  enclosed  and  are  capable  of 
operating  when  submerged,  in  the  manner  mentioned  by  Mr.  Hazen. 
As  previously  stated,  the  city  is  supplied  by  direct  service,  it  being 
impossible  to  build  distribution  reservoirs  at  Columbus  from  which 
water  could  be  delivered  by  gravity,  and,  as  the  capacity  of  the  filtered- 
water  reservoirs  is  only  10  000  000  gal.,  it  was  thought  best  to  design  the 
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works  so  as  to  provide  for  the  filters  a  maximum  available  head  of  10  ft.      Mr. 
with  the  filtered-water  reservoirs  full.  regory. 

Mr.  Ellms  has  presented  some  valuable  data  regarding  the  cost  of 
the  water  purification  works  at  Cincinnati  which  engineers  will  be 
very  glad  to  receive.  The  writer  agrees  with  Mr.  Ellms  that  it  is  often 
difficult  to  make  a  strict  comparison  of  the  cost  of  two  works,  and  this 
is  true  in  the  case  of  Cincinnati  and  Columbus.  In  discussing  the 
figures  presented  by  Mr.  Ellms,  the  writer  believes  it  will  be  well  to 
supplement  Mr.  Ellms'  discussion  with  some  additional  data,  so  that 
the  reasons  for  the  difference  in  actual  cost  per  million  gallons  daily 
capacity  of  the  two  works  will  be  fully  understood. 

The  water  of  the  Ohio  River  has  a  much  greater  average  turbidity 
than  that  of  the  Scioto,  as  may  be  seen  from  Table  27,  in  which  the 
turbidity  of  the  Ohio  is  given  as  225,  and  the  Scioto  as  76  parts  per 
million.  It  would  seem,  then,  only  reasonable  to  assume  that  a  period 
of  sedimentation  at  least  equal  to  that  at  Columbus,  would  be  required 
at  Cincinnati,  if  not  greater.  The  conditions  at  the  two  works  are  as 
follows :  At  Columbus  the  mixing  tanks  and  settling  basins  have  a 
combined  capacity  of  16  270  000  gal.  for  works  having  a  daily  capacity 
of  30  000  000  gal.  The  period  of  coagulation  and  sedimentation  is  13 
hours.  At  Cincinnati  the  coagulation  basins  have  a  capacity  of 
22  660  000  gal.  for  works  having  a  daily  capacity  of  112  000  000  gal., 
giving  a  period  of  coagulation  and  sedimentation  of  only  about  4.9 
hours.  It  is  evident,  therefore,  that  there  is  a  very  essential  difference 
in  the  capacities  of  these  parts  of  the  works,  and  this  is  very  apparent 
in  the  comparative  cost  of  the  two  works. 

No  mention  is  made  of  the  two  large  settling  reservoirs  at  Cin- 
cinnati, having  a  capacity  of  330  000  000  gal.,  and  costing  $1  418  879, 
into  which  the  river  water  is  first  pumped  and  settled  before  being 
delivered  into  the  coagulation  basins.  It  is  possible  that  Mr.  Ellms 
considered  that  the  Scioto  River  storage  reservoir  served  the  same 
function  at  Columbus  as  the  settling  reservoirs  at  Cincinnati,  but  the 
writer  does  not  think  that  such  is  the  case.  The  storage  reservoir  at 
Columbus  was  built  solely  for  storage  purposes,  and  that  it  may  be 
considered  at  times  as  detrimental  rather  than  of  assistance,  as  far 
as  the  purification  worlds  are  concerned,  has  been  pointed  out  by  others. 
At  Cincinnati,  on  the  contrary,  there  would  seem  to  be  no  doubt  that 
the  settling  reservoirs  are  of  material  assistance  to  the  purification 
works,  although,  in  the  light  of  the  present  state  of  the  art,  it  is 
believed  that  settling  reservoirs  having  a  much  smaller  capacity  would 
be  sufficient.  It  would  seem,  therefore,  that  a  more  equitable  com- 
parison of  the  cost  of  the  two  works,  on  the  basis  of  millions  of  gallons 
daily  capacity,  would  exist  if  a  portion  of  the  cost  of  the  settling  reser- 
voirs was  charged  to  the  Cincinnati  purification  works,  or,  in  lieu 
thereof,  the  cost  of  increasing  the  capacity  of  the  coagulation  basins, 
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Mr.      so  as  to  provide  the  same  period  of  coagulation  and  sedimentation  at 

regory.  Qjj-^(3Jnjjati  as  at  Columbus,  namely,  13  hours. 

On  the  basis  of  volumetric  capacity,  no  great  difference  exists  in  the 
cost  of  the  coagulation  basins  at  the  one  works  and  the  combination 
of  the  settling  basins  and  mixing  tanks  at  the  other,  as  may  be  seen 
from  Table  72,  the  coagulation  basins  at  Cincinnati  costing  $13  460 
per  million  gallons  and  the  settling  basins  and  mixing  tanks  at  Colum- 
bus $13  090  per  million  gallons.  At  Cincinnati  the  coagulation  basins 
are  open,  are  approximately  23  ft.  deep,  have  earth  embankments,  and 
are  divided  into  three  compartments  by  a  concrete  wall  and  an  earth 
embankment. 

TABLE  72. — Comparative  Cost  of  Coagulation  Basins  at  Cincinnati, 
AND  Settling  Basins  and  Mixing  Tanks  at  Columbus. 


CincinDati: 

Coagulation  basins 

Columbus: 

Settling  basins  and  mixing  tanks 

Settling  basins  alone 

Mixing  tanks  alone 


Capacity,  in 

millions  of 

gallons. 


33.66 

16.37 

15.00 

1.37 


Cost. 


$304  913 

313  000 

168  770 

44  330 


Cost  per 
million 
gallons. 


$13  460 

13  090 
11  350 
34  800 


That  the  combined  costs,  per  million  gallons  of  daily  capacity,  of 
the  head-house,  lime-saturator  house,  storage-house,  wash-water  tank, 
offices,  and  laboratories  are  greater  at  Columbus  than  the  corresponding 
head-house,  chemical-house,  wash-water  tank,  offices,  and  laboratories 
at  Cincinnati,  as  pointed  out  by  Mr.  Ellms,  is  to  be  expected,  when  the 
relative  amounts  of  chemicals  handled  are  taken  into  account.  In 
Cincinnati,  for  the  year  1908,  the  chemicals  applied  amounted  to  2.43 
grains  per  gallon,  or  a  total  of  2  783  tons.  In  Columbus,  for  the  year 
from  December,  1908,  to  November,  1909,  inclusive,  the  corresponding 
figures  are  14.1  grains  per  gallon,  or  5  237  tons.  At  Cincinnati  a 
greater  volume  of  water  is  treated  than  at  Columbus,  but  at  Columbus 
about  six  times  as  much  chemical  per  volume  of  water  treated  is  used. 
The  figures  given  for  Cincinnati  are  not  sufficiently  itemized  to  make  a 
detailed  comparison  of  the  costs,  but  it  would  seem  as  if  the  offices  and 
laboratories  at  both  works  might  be  left  out  in  a  comparison  on  the 
basis  of  the  cost  per  million  gallons  daily  capacity.  The  offices  and 
laboratories  at  both  works  are  well  equipped,  but  at  Columbus  they 
would  as  well  serve  for  the  handling  of  112  000  000  gal.  as  of  30  000  000 
or  40  000  000  gal.  daily. 

The  greater  cost  of  the  filters  at  Cincinnati  is  due  mainly  to  the 
difference   in  the  character   of  the   construction.     At   Cincinnati   the 
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filters  are  supported  on  independent  foundations,  whereas  at  Columbus  Mr. 
they  are  supported  on  the  roof  of  the  filtered-water  reservoir;  the 
valves  are  operated  electrically  instead  of  hydraulically,  and  the  super- 
structure covers  the  operating  gallery  and  all  the  filter  tanks,  while 
at  Columbus  it  covers  the  operating  gallery  and  only  a  portion  of  the 
filter  tanks. 

The  filtered-water  reservoir  at  Cincinnati  cost  less,  on  the  basis  of 
million  gallons  daily  capacity  of  works,  than  did  those  at  Columbus. 
The  difference  in  cost  is  due  to  a  difference  in  conditions.  At  Colum- 
bus the  reservoirs  are  covered  and  have  a  capacity  of  10  000  000  gal.  for 
works  having  a  daily  capacity  of  30  000  000  gal.,  giving  a  supply  of 
8  hours.  At  Cincinnati  the  reservoir  is  open,  although  designed  so 
that  a  covering  may  be  added,  and  has  a  capacity  of  19  600  000  gal. 
for  works  having  a  daily  capacity  of  112  000  000  gal.,  giving  a  supply 
of  only  4.2  hours.  Here,  again,  there  is  an  essential  difference  in  the 
two  works,  and  a  more  equitable  comparison  of  the  cost  on  the  basis  of 
million  gallons  daily  capacity  would  exist  if  the  Cincinnati  reservoir 
was  covered  and  had  the  same  period  of  storage  capacity  as  at  Colum- 
bus, namely,  8  hours.  The  reservoirs  at  Columbus  cost  $9  830  per 
million  gallons  capacity,  of  which  about  $3  000  is  chargeable  to  the 
covering.  At  Cincinnati  the  reservoir  cost  $6  190  per  million  gallons. 
If  the  Cincinnati  reservoir  was  covered,  and  assuming  the  same  cost 
of  covering  per  million  gallons  capacity  as  at  Columbus,  it  would  have 
cost  about  $9  190  per  million  gallons,  as  against  $9  830  at  Columbus. 

From  the  foregoing  will  be  seen  the  difficulty  of  comparing  costs  on 
the  basis  of  million  gallons  daily  capacity,  unless  the  conditions  are 
nearly  similar.  In  order,  therefore,  to  make  a  more  equitable  compari- 
son of  the  total  cost  of  the  two  works  on  the  basis  of  million  gallons 
daily  capacity,  it  seems  to  the  writer  that  to  the  cost  of  the  Cincinnati 
works  should  be  added  the  cost  of  additional  capacity  in  the  coagula- 
tion basins,  38  000  000  gal.,  so  as  to  make  the  period  13  hours,  the  cost 
of  additional  capacity  in  the  filtered-water  reservoir,  17  700  000  gal., 
to  make  the  supply  8  hours,  and  the  cost  of  covering  the  larger  filtered- 
water  reservoir.  With  these  assumptions,  the  cost  would  be  as  shown 
in  Tatlie  73. 

Viewed  in'  this  light,  it  appears  that,  with  the  conditions  assumed, 
the  Cincinnati  works  would  have  cost,  per  million  gallons  daily 
capacity,  about  the  same  as  the  Columbus  works.  It  is  probable,  how- 
ever, that,  had  the  Cincinnati  works  been  built  in  this  way,  the  cost 
would  have  been  somewhat  less  than  the  figures  in  Table  73,  as  the 
larger  coagulation  basins  and  filtered-water  reservoirs  should  cost  less 
per  million  gallons  capacity  than  did  those  actually  built. 

Sewage  Works. — The  writer  agrees  with  Mr.  Griggs  that  mechanical 
means  should  be  provided  for  cleaning  the  sand-catcher  at  the  main 
sewage"  pumping  station.     It  should  be  stated,  however,  that  when  the 
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Mr.      TABLE  73. — Comparison  of  Cost   of  Coagulation  Basins,  etc.,  at 


Gregory, 


Cincinnati  and  Columbus. 


Cincinnati  (112  000  000  gal.  daily): 

Actual  construction 

Increase  in  capacity  of  coagulation  basins.    38  000  000  gal. 

at  $13  460 

Increase  in  capacity  of  filtered  water  reservoir,  17  700  000 

gal.  at    $6  190 

Covering  flltered-water  reservoir,    37  300  000  gal.  at  $3  000. 

Total 

Columbus  (30  000  000  eal.  daily): 
Actual  construction 


Total  cost. 


278  790 

511  480 

109  560 
111  900 


2  Oil  730 

$532  480 


Cost  per 

million  gallons 

capacity  per 

24  hours 


II  418 


$17  960 
$17  750 


design  was  made  it  was  the  intention  to  provide,  before  the  works  were 
completed,  a  mechanical  device  for  cleaning,  and  the  sand-catcher, 
although  covered,  was  arranged  so  that  this  device  could  be  installed. 
A  large  quantity  of  grit  was  not  expected  at  the  sand-catcher,  only 
such  as  would  require  to  be  cleaned  out  at  infrequent  intervals;  the 
cause  of  the  excessive  quantity  is  due  mainly  to  the  defective  design 
of  the  connections  between  the  combined  and  the  intercepting  sewers. 
This  defect  in  the  sewerage  system  was  known,  and  it  was  part  of  the 
general  scheme  of  the  sewerage  improvements  to  reconstruct  these  con- 
nections and  to  provide,  at  each  point,  a  sand-catcher  between  the  com- 
bined sewer  and  the  intercepting  sewer  where  the  heavy  grit  would  be 
deposited. 

It  was  considered  essential  to  intercept  as  much  grit  as  possible, 
not  only  to  keep  it  from  being  carried  to  the  pumping  station  and 
purification  works,  but  so  as  to  avoid  in  the  future  the  expensive 
cleaning  of  the  intercepting  sewer.  The  grades  on  the  intercepting 
sewer  are  flat,  causing  low  velocities  when  running  full  or  half  full, 
exceeding  3  ft.  per  sec.  in  two  stretches  only,  and  falling  as  low  as 
1.72  ft.  per  sec.  Under  these  conditions,  aggravated  by  the  discharge 
of  tar  into  the  sewer,  it  is  not  surprising  that  deposits  have  accumu- 
lated which  have  been  expensive  to  remove.  Unfortunately,  funds  were 
tied  up  until  the  completion  of  certain  contracts,  and  it  was  not  until 
the  works  were  nearly  completed  that  funds  were  in  sight  to  carry  out 
this  part  of  the  improvement.  Realizing  that  this  work  should  be 
done,  and  also  that  the  writer's  connection  with  the  city  woidd  shortly 
come  to  an  end,  he  made  a  recommendation  that  one  of  his  assistants 
be  retained  to  design  these  connections  and  supervise  their  construc- 
tion, but  no  action  was  taken  on  his  recommendation.  Sketches  were 
made  for  the  mechanical  cleaning  device  at  the  sand-catcher  and  also 
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studies  for  flushing  the   intercepting  sewer,  but,   unfortunately,   these      Mr. 
suffered  the  same  fate  as  the  intercepting  connections — they  had  to  be 
left  to  be  carried  out  at  a  later  date. 

The  writer  is  indebted  to  Mr.  Kimberly  for  calling  attention  to  the 
omission,  in  the  historical  part  of  the  paper,  of  the  report  by  the 
Sewerage  Commission  in  1900.  The  writer  was  aware  of  this  report, 
but,  in  assembling  the  large  amount  of  material  for  presentation  in  the 
paper,  this  document  was  unfortunately  overlooked,  and  the  writer 
takes  this  occasion  to  express  his  regret  for  the  omission  and  to  say 
that  it  was  accidental  and  entirely  unintentional. 

Mr.  C.  B.  Hoover  has  referred  to  the  method  of  disposing  of  sludge 
in  the  river  during  flood  stages,  and  has  pointed  out  that  "It  possesses 
one  element  of  uncertainty,  however,  as  a  long-continued  low-water 
stage  in  the  river  in  the  future  may  make  it  desirable  that  land  treat- 
ment be  made  available  as  an  alternative."  It  is  possible  that  some 
might  infer  that  under  such  conditions  the  method  of  disposal  by 
dilution  would  have  to  be  given  up  entirely.  The  writer  does  not  think 
that  this  necessarily  follows.  If  it  should  happen  that  the  periods 
of  low-water  stage  in  the  river  are  of  long  duration,  requiring  thereby 
the  removal  of  some  sludge  from  the  tanks,  it  would  seem  as  if  it 
would  still  be  possible  to  take  advantage  of  this  exceedingly  economical 
method  of  disposal,  by  constructing  a  tank  in  which  the  accumulation 
of  sludge,  during  the  low-water  stage,  in  excess  of  the  maximum 
quantity  which  the  septic  tanks  themselves  can  care  for,  could  be 
stored  until  conditions  were  such  that  it  could  be  discharged  into  the 
river.  If  a  sludge  storage  tank  was  not  constructed,  land  disposal 
would  probably  have  to  be  resorted  to,  not  necessarily  for  the  total 
quantity  of  sludge,  but  only  for  the  excess  quantity  just  mentioned. 

The  writer  has  been  especially  interested  in  Mr.  C.  B.  Hoover's  dis- 
cussion of  sprinkling  nozzles,  and  notes  his  preference  for  a  nozzle 
which  has  a  central  spindle  giving  an  annular  orifice,  rather  than 
one  having  a  single  unobstructed  orifice.  Under  certain  conditions., 
the  writer  would  agree  with  Mr.  Hoover,  but,  as  applied  to  Columbus, 
he  feels  that,  without  more  data  and  experience  at  these  particular 
works,  he  cannot,  at  the  present  time,  agree  with  him.  iVs  stated  in 
the  paper,  the  bars  in  the  finer  of  the  two  screens  through  which  the 
sewage  passes  at  the  pumping  station  are  |  in.  apart  in  the  clear.  It 
was  solely  on  this  account  that  the  single-orifice  nozzle  was  adopted,  in 
order  to  reduce  to  a  minimum  trouble  with  the  clogging  of  the  nozzles. 
Mr.  Hoover  states  that  3.5%  of  the  nozzles  showed  partly  or  com])letely 
obstructed  sprays  all  the  time.  The  writer  considers  this  a  highly 
creditable  showing.  Had  the  filters  been  equipped  with  annular-orifice 
nozzles,  he  believes  that  there  would  have  been  far  more  trouble  with 
this  type  of  nozzle  when  discharging  sewage  which  had  been  only  rough- 
screened,  as  is  the  sewage  at  Columbus.    With  the  annular-orifice  nozzle 
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Mr.  all  the  clogging  would  have  been  internal,  whereas,  with  the  single- 
Gregory.  Qj.-g^g  nozzle,  the  trouble  is  mainly  with  material  catching  on  the  apex 
of  the  cone  and  on  the  arms,  and  this  is  easily  removed.  The  writer 
does  not  think  a  sufficient  number  of  annular-orifice  nozzles  have  been 
in  use  at  Columbus  to  settle  definitely  the  question  as  to  which  type 
is  the  better  for  rough-screened  sewage.  Another  item,  which  should 
not  be  lost  sight  of,  is  the  fact  that  leaves,  blown  into  tlie  open  septic 
tanks  in  the  fall  of  the  year,  are  carried  over  into  the  distribution 
systems  of  the  sprinkling  filters  and  cause  some  of  the  trouble  with  the 
nozzles. 

The  annular-orifice  nozzle  was  considered  for  use  at  Columbus,  as 
mentioned  in  a  previous  discussion,*  and  was  not  used,  for  the  reason 
above  stated;  but,  had  the  sewage  been  passed  through  much  finer 
screens,  there  is  no  doubt  that  the  annular-orifice  nozzle  would  have 
been  adopted.  Much  yet  remains  to  be  learned  on  the  subject  of 
sprinkling  nozzles  and  the  distribution  of  sewage  on  sprinkling  filters. 

With  regard  to  the  point  raised  by  Mr.  Kuichling  as  to  the  meaning 
of  certain  of  the  column  headings  in  Table  16,  the  writer  would  say 
that  they  have  been  changed  so  that  he  believes  there  will  be  no  further 
question  as  to  their  meaning.  As  stated  in  the  paper,  "The  filters  were 
designed  to  yield  normally  2  000  000  gal.  per  acre  per  24  hours,  resting 
one-half  the  time,  requiring  therefore  a  rate  of  4  000  000  gal.  per  acre 
per  24  hours  when  in  service."  A  distinction  should  be  made  between 
"yield"  and  "rate."  The  rate  is  independent  of  the  yield,  whereas  the 
yield  is  dependent  on  the  rate  and  on  the  period  of  time  during  which 
the  sewage  is  applied.  The  rate  of  filtration  is  the  quantity  of  sewage 
which  is  applied  and  passes  through  the  filter  on  a  unit  of  area  in  a 
unit  of  time. 

With  regard  to  the  disintegration  of  the  cherty  material  in  the 
broken  stone  in  the  sprinkling  filters,  it  should  be  stated  that  this  has 
not  been  and  is  not  expected  to  be  at  all  serious.  Some  disintegration 
was  looked  for.  A  harder  stone,  free  from  this  material,  was  to  be 
desired,  but  investigations  showed  that  this  could  not  be  obtained 
within  a  reasonable  distance  of  Columbus,  and  the  great  additional 
cost  of  securing  such  a  material  was  not  warranted. 

It  has  been  stated  that  the  efiluent  from  the  sewage  works  has  not 
always  been  uniformly  non-putrescible.  In  the  sprinkling  filters  at  the 
testing  station,  which  gave  a  non-putrescible  efiluent  with  sewage 
sprayed  from  a  nozzle  under  a  constant  head,  the  sizes  of  the  stone 
varied  from  4  to  2  in.  In  the  sprinlding  filters  as  built  in  the  works,  the 
stone,  which  was  of  approximately  the  same  depth  as  at  the  testing 
station,  is  from  IJ  to  3  in.  in  size  in  two  of  the  filters,  and  from  1  to 
3  in.  in  size  in  the  other  two.    It  will  be  seen  that  the  broken  stone  in 
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the  works  is  very  much  coarser  than  that  in  the  experimental  filters.  Mr. 
That  the  effluent  from  the  large  sprinkling  filters  has  not  been  uni-  '®^°^y- 
formly  as  good  as  from  the  experimental  filters  indicates  that  with 
the  coarser  stone  either  a  greater  depth  of  stone  is  required,  with  the 
present  distribution,  or  that  a  more  uniform  distribution  is  needed.  It 
should  be  stated,  however,  that,  beginning  with  the  operation  of  the 
filters  under  a  varying  head,  controlled  by  hand  in  the  gate-house,  and 
giving  thereby  a  better  distribution,  there  has  been  a  decided  improve- 
ment in  the  character  of  the  final  effluent  from  the  works,  especially 
during  the  last  six  months. 

As  mentioned  in  the  paper,  it  is  intended  to  install  in  the  gate- 
house means  whereby  the  head  on  the  nozzles  will  be  made  to  fluctuate 
automatically,  producing  thereby  a  much  more  uniform  distribution  of 
the  sewage  on  the  surface  of  the  filters.  The  installation  of  the  devices 
for  varying  the  head  automatically  and  giving  also  a  short  period  of 
rest  has  been  delayed  temporarily  because  electric  power  for  operating 
them  has  not  yet  been  available  at  the  gate-house.  As  soon  as  these 
devices  are  installed,  and  this  is  to  be  expected  in  the  near  future,  the 
writer  believes  that  the  sprinkling  filters  in  the  works  will  produce 
uniformly  as  good  results  as  did  the  experimental  sprinkling  filters. 
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This  paper  has  been  limited  to  agreements  for  the  construction  of 
buildings,  and  no  attempt  has  been  made  to  cover  the  subject  of  agree- 
ments in  general,  because  the  writer  has  given  this  type  special  study 
and  also  feels  that  the  principles  underlying  such  agreements  are 
readily  adaptable  to  those  for  other  construction,  and  that,  within  the 
limits  of  this  paper,  many  of  the  vital  questions  at  issue  can  be  brought 
out  more  effectively  by  taking  a  concrete  case  rather  than  by  dealing  in 
generalities. 

From  the  practical  standpoint  of  the  building  agreement,  it  matters 
little  whether  the  person  who  planned  the  building  and  will  have  charge 
of  it  until  completion  is  called  an  Engineer  or  an  Architect.  The  only 
practical  difference  would  be  that  the  word  "Engineer"  would  be  used 
in  one  case  and  the  word  "Architect"  in  the  other,  to  represent  such  a 
person.  Therefore,  it  should  be  understood  that  wherever  the  word 
"Engineer"  is  used  throughout  this  paper  it  is  intended  to  designate  a 
person  properly  equipped  by  education,  experience,  training,  or  tempera- 
ment, to  lay  out,  supervise,  and  direct,  in  an  executive  capacity,  all 
work,  at  any  stage,  in  the  erection  of  a  building,  from  the  time  it  is 
mentally  conceived  until  it  is  finished  and  ready  for  use. 

*  Presented  at  the  meeting  of  February  2d,  1910. 
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The  purpose  of  this  paper  is  not  a  defense  of  the  Contractor,  as 
against  the  Engineer  or  Architect,  but  is  simply  one  advocating  justice 
and  equity  to  all  parties  to  a  contract.  Destructive  criticism  is  easy, 
but  constructive  criticism  is  of  a  different  mould,  and  should  always  be 
welcomed  among  broad-minded  men.  In  suggesting  a  new  form  of 
Agreement  and  Schedule  of  Conditions  of  Contract,  it  is  hoped  that 
something  definite  may  be  accomplished  in  righting  the  wrongs 
that  most  Engineers  will  readily  admit  exist,  and  nearly  everyone  has 
tried  by  different  means  to  correct.  The  writer  does  not  imagine  that 
he  has  discovered  some  new  and  patentable  truth,  but  hopes  that  his 
studies  may  have  brought  into  concrete  shape  some  practical  sugges- 
tions for  correcting  well-recognized  faults.  After  Engineers  and 
Architects  have  set  about  putting  their  own  houses  in  order,  as  typified 
by  contract  requirements,  they  can  then  more  fearlessly  demand  that 
Contractors  right  the  wrongs  for  which  they  alone  are  to  blame. 

Much  might  be  said  on  the  general  subject  of  fairness  and  justice 
to  both  Contractor  and  Owner  in  the  various  contract  requirements, 
on  the  faults  of  omission  and  commission  by  Engineers  and  Architects, 
and  on  their  duties,  obligations,  and  responsibilities.  These  subjects 
would  have  a  direct  bearing  on  the  principles  underlying  the  reasons 
for  many  of  the  contract  requirements  herein  suggested.  The  legal 
questions  involved  in  contract  requirements  are  also  of  great  im- 
portance. In  order,  however,  to  keep  this  paper  within  reasonable 
bounds,  its  subjects  have  been  abridged,  but  reference  has  been  made 
to  articles  and  books  where  much  additional  information  may  be 
obtained,  or  where  some  subjects,  only  touched  upon  here,  will  be 
found  in  more  amplified  form. 

Historical  Summary. 

In  gathering  material  for  a  prospective  book  on  Building  Specifica- 
tions and  Contracts,  numerous  recent  specifications  and  contracts  were 
specially  obtained  from  many  prominent  architects  and  engineers  for 
the  purpose  of  study  and  examination.  A  careful  examination  of  these, 
as  actual  working  instruments,  and  a  study  of  recently  published  works 
or  addresses,  have  led  to  the  belief  that  there  was  probably  a  need  for 
investigating  and  discussing  the  subject  of  Agreements  (or  so-called 
Contracts)  in  general,  and  Building  Agreements  in  particular. 

The   need   for   a   more   or   less   authoritative   set   of   requirements, 
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applicable  to  a  proper  building  agreement,  has  been  recognized  for 
many  years.  To  meet  such  need,  the  American  Institute  of  Architects, 
in  co-operation  with  the  National  Association  of  Builders,  adopted,  a 
number  of  years  ago,  the  "Uniform  Contract."  This  contract  has 
remained  in  force,  with  no  very  material  changes,  up  to  the  present 
time.  The  last  revision  was  copyrighted  in  1905.  This  contract,  with 
all  its  defects,  is  in  general  use  among  Architects,  as  there  is  no  other 
form,  having  the  endorsement  of  a  representative  American  organiza- 
tion, to  take  its  place. 

In  justice  to  the  American  Institute  of  Architects,  it  should  be  said 
that  a  Standing  Committee  on  the  Standardization  of  Documents  was 
appointed  in  February,  1906,  and  has  done  much  excellent  work  in 
collecting  material  for  a  new  building  agreement.  Early  in  1908  the 
Committee  published,  for  limited  circulation,  a  pamphlet  containing  a 
tentative  series  of  forms,  to  facilitate  the  making  of  suggestions  or 
criticisms  to  assist  the  Committee  in  its  further  study. 

It  was  recently  learned  from  several  authoritative  sources  that  the 
work  of  the  Committee  might  not  be  published  for  some  time,  possibly 
years,  and,  as  the  writer's  work  has  been  entirely  independent  of  the 
Committee,  he  has  decided  to  present  its  results  to  this  Society  for  dis- 
cussion. 

Several  years  ago,  the  writer  learned  that  the  Royal  Institute  of 
British  Architects  had  spent  many  years  in  perfecting  a  just  and 
equitable  building  agreement,  but  investigation  revealed  the  fact  that 
although  the  Institute  had  commenced  the  work  more  than  thirty  years 
ago,  it  was  almost  unknown  in  America. 

The  more  closely  the  writer  analyzed  his  own  work  and  ideas  and 
compared  them  with  those  of  the  R.  I.  B.  A.,  the  more  firmly  con- 
vinced he  became  of  the  excellence  of  the  latter's  work.  Looking  back 
at  the  time  which  has  been  spent  in  perfecting  this  work,  and  the 
number  of  eminent  and  experienced  men  who  have  contributed  to  it, 
there  should  be  small  wonder  at  its  present  superior  condition. 

While  an  agreement  for  which  originality  could  be  claimed  for 
the  whole,  might  be  of  greater  personal  benefit,  it  was  decided  to  sink 
such  personal  consideration  and  frankly  undertake  to  revise  a  most 
excellent  document,  to  meet  American  conditions.  The  Agreement 
and  the  Schedule  of  Conditions  of  Contract  put  forward  by  the  writer 
have  been   modified,   after  serious   study,   from  those  adopted  by  the 
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R.  I.  B.  A.,  and  the  language  of  the  original  has  been  retained  wherever 
possible.  Such  a  revised  document  has  a  very  important  practical 
advantage  over  an  attempt  at  originality.  As  many  of  the  requirements 
vitally  modify  traditional  American  practice  in  many  respects,  it 
might  be  objected  to  because  it  has  not  had  the  test  of  sufficient  ex- 
perience to  make  it  advisable  for  general  use.  English  and  American 
jurisprudence  are  fundamentally  the  same,  and  therefore  the  laws  or 
judicial  decisions  of  one  country  are  more  nearly  similar  to  those  of 
the  other  than  is  true  of  any  other  two  countries.  Since  the  work  of 
the  R.  1.  B.  A.  was  undertaken  originally  about  1878,  and  the  present 
documents  were  approved  in  substantially  their  present  shape  in  1895, 
and  approved  in  their  present  shape  in  1903  by  the  Institute  of  Builders 
and  the  National  Federation  of  Building  Trades  Employers  of  Great 
Britain  and  Ireland,  as  well  as  by  the  Royal  Institute  of  British 
Architects,  they  have  had,  in  Great  Britain,  the  test  of  time  and  of 
litigation,  and  can  therefore  be  accepted  with  greater  confidence  as  a 
secure  foundation  upon  which  to  erect  the  desirable  superstructure. 

The  following  historical  sketch  of  the  British  document,  as  given 
in  an  address  by  the  President  of  the  Institute,  Mr.  Aston  Webb,  on 
June  13th,  1903,  is  of  much  interest: 

"The  first  time  the  subject  was  broached  was  on  the  18th  January, 
1887,  when  Mr.  T.  Rickman  announced  at  a  Meeting  of  the  Practice 
Committee  that  he  had  been  approached  by  the  Secretary  of  the  In- 
stitute of  Builders  with  a  view  to  alterations  in  the  existing  Heads 
of  Conditions  of  Contract.  The  Committee  agreed  to  consider  the 
question,  and  a  Sub-Committee  was  formed.  The  Sub-Committee  sub- 
mitted their  draft  of  General  Conditions  to  the  Practice  Committee 
on  the  18th  December  1888,  and  for  the  following  year  the  draft  was 
considered  by  the  Practice  Committee.  Negotiations  were  then  insti- 
tuted (December  1889)  with  the  Institute  of  Builders.  On  the 
29th  May  1891  the  Committee  considered  the  draft  as  altered  by  the 
Institute  of  Builders,  and  neg?)tiations  with  that  Body  were  con- 
tinued through  the  year.  On  the  9th  August  1892  the  first  Conference 
between  the  Practice  Committee  and  the  Institute  of  Builders  wan 
held,  the  representatives  of  the  Practice  Committee  being  Messrs. 
Henry  Currey,  H.  C.  Boyes,  G.  E.  Grayson,  Edwin  T.  Hall,  and  T.  M. 
Rickman.  Negotiations  then  continued  for  two  or  three  years,  but 
unfortunately  it  was  found  impossible  to  come  to  an  agreement.  In 
1895  the  negotiations  were  dropped,  and  in  July  of  that  year  the  Insti- 
tute Form  of  Contract,  which  was  in  use  from  that  date  to  April,  1901, 
was  issued. 
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"On  the  5th  December  1898  the  Secretary  of  the  Institute  reported 
that  he  had  had  an  interview  with  the  Secretary  of  the  Institute  of 
Builders  with  reference  to  an  agreement  between  the  two  Bodies  on 
the  Arbitration  Clause,  and  a  Sub-Committee  of  the  Council,  con- 
sisting of  Messrs.  Aston  Webb,  E.  A.  Gruning,  John  Slater,  Wm. 
Emerson,  Thomas  Blashill  and  Edwin  T.  Hall,  was  appointed  to  confer 
with  the  Builders.  Several  meetings  of  the  joint  representatives  were 
held,  and  on  the  8th  October  1900  the  Institute  of  Builders  forwarded 
the  Report  of  the  Joint  Committee  to  the  Council  and  stated  that  they 
were  prepared  to  adopt  it.  On  the  10th  December  the  Council  sub- 
mitted the  revised  Paper  to  the  General  Body.  The  Arbitration  Clause, 
however,  as  revised,  met  with  such  strong  opposition  that  the  Council 
referred  the  matter  again  to  the  Institute  of  Builders  urging  the 
modifications  required  to  make  the  Clause  acceptable  to  the  R.  I.  B.  A. 
After  some  further  correspondence  it  was  announced  in  April  1901  at 
a  General  Meeting  that  the  negotiations  between  the  Council  and  the 
Institute  of  Builders  for  a  uniform  Contract  had  failed,  and  at  a 
Special  General  Meeting  held  on  the  15th  April  1901  the  present  Form 
as  revised  by  the  R.  I.  B.  A.  was  sanctioned.  On  the  19th  January 
1903  the  President  reported  to  the  Council  that  the  President  of  the 
Institute  of  Builders  had  expressed  the  willingness  of  the  Builders  to 
accept  the  Institute  Form  as  it  now  stood,  with  the  addition  of  a 
proviso  to  Clause  16.  The  matter  was  referred  to  a  Committee  of  the 
Council,  who  on  the  18th  May  1903  reported  that  they  had  conferred 
with  Mr.  King  and  Mr.  Greenwood  on  behalf  of  the  Builders,  who  had 
agreed  to  accept  the  Institute  Form  subject  only  to  the  modifications 
now  proposed.  The  President  of  the  Institute  of  Builders  was  then  re- 
quested to  send  a  formal  communication  to  the  Council  stating  that  his 
Institute  and  the  National  Federation  of  Master  Builders  were  prepared 
to  accept  the  two  Forms  of  Agreement  and  Conditions  issued  by  the 
R.  I.  B.  A.  provided  the  alterations  were  agreed  to;  and  that  the 
Council  would  then  recommend  the  General  Body  to  agree  to  the 
alterations." 

The  present  set  of  forms  is  thus  adopted  by  both  the  Royal  Institute 
of  British  Architects  and  the  Institute  of  Builders.  The  debates  on 
the  various  provisions  of  the  Agreement*  are  well  worth  serious  study. 

Bibliographical  Notes. 

The  following  references  are  to  a  few  articles  or  books  relating 
to  various  matters  affecting  building  agreements,  and  are  given  for 
the  benefit  of  those  desiring  to  make  a  more  extended  study  of  the 
subject : 


*  Journal^  Royal  Institute  of  British  Architects,  Vols.  2,  8  and  10. 
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"General  Notes  on  Specifications  and  Contracts,"  by  William  B. 
Bamford,  Assoc.  M.  Am.  Soc.  C.  E.  The  American  Architect,  serial 
beginning  Sept.  15tli  and  ending  Oct.  6th,  1909. 

"The  Engineer's  Fault,"  by  John  C.  Wait,  M.  Am.  Soc.  C.  E.  (A 
discussion  of  specifications,  contracts,  and  lawsuits.)  Proceedings,  The 
Municipal  Engineers  of  the  City  of  New  York,  1905.  Reprint  in 
Engineering  News,  June  9th,  1905. 

"The  Legal  Position  of  Architects  in  Relation  to  Certificates  and 
Awards,"  by  J.  A.  Strahan.  (A  paper  read  before  the  Royal  Institute 
of  British  Architects,  Jan.  28th,  1895.)  Abstract  in  The  Builder,  Vol. 
LXVIII,  p.  82. 

"In  Contract  Work,  either  Public  or  Private,  is  it  Preferable  to 
make  Separate  Contracts  for  the  Different  Branches  of  Trades  In- 
volved, or  to  Combine  all  under  one  General  Contract ;!"  An  Informal 
Discussion.     Transactions,  Am.  Soc.  C.  E.,  Vol.  XLIX,  p.  1. 

"The  Position  of  the  Consulting  Engineer,  and  his  Duties  in  Rela- 
tion to  Inspection  and  the  Enforcement  of  Contracts."  By  Albert  J. 
Himes,  M.  Am.  Soc.  C.  E.  Transactio7is,  Am.  Soc.  C.  E.,  Vol.  LVI, 
p.   104. 

"Uniformity  of  Requirement  and  Clearness  of  Specification  in 
Agreements  for  the  Graduation  of  Railroads."  By  W.  F.  Dennis, 
M.  Am.  Soc.  C.  E.     Transactions,  Am.  Soc.  C.  E.,  Vol.  LVIII,  p.  321. 

Building  Agreements.     See  the  various  discussions  upon  the  docu- 
ments adopted  by  the  Royal  Institute  of  British  Architects: 
Revisions,  Journal,  Vol.  2,  1894-95. 
Amendments,  Journal,  Vol.  8,  1900-01. 
History  of  Agreement,  Journal,  Vol.  10,  1902-03,  p.  416. 

"Engineers'  Contracts  and  Specifications  from  a  Contractor's  Point 
of  View,"  by  James  W.  Rollins,  Jr.,  M.  Am.  Soc.  C.  E.  Journal, 
Association  of  Engineering  Societies,  July,  1907. 

"Different  Plans  of  Letting  Contracts,"  by  Frank  B.  Gilbreth. 
(Paper  read  before  the  American  Public  Works  Association.)  Reprint 
in  Engineering  News,  Oct.  18th,  1906. 

"Clients,  Engineers,  and  Contractors."  (Editorial  discussion  of 
the  legal  rights  in  the  business  relations,  and  the  extent  of  the  engi- 
neer's authority.)     Engineering   (London),  April  19tli,   1901. 

"The  Engineer  in  Construction  Contracts,"  by  John  C.  Wait,  M 
Am.  Soc.  C.  E.  Transactions,  Association  of  Civil  Engineers  of 
Cornell  University,  1902. 

"Engineers'  Specifications."  (Observations  on  specifications  in 
general  and  the  legal  effect  of  clauses  of  particular  hardship  to  con- 
tractors.)    The  Engineer  (London),  Dec.  30th,  1904. 

"The  Influence  of  Specifications  on  Commercial  Products,"  by 
C.  B.  Dudley,  M.  Am.   Soc.   C.  E.     (Presidential  address  before  the 
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American  Society'  for  Testing  Materials.)  Proceedings^  American 
Society  for  Testing  Materials,  1904,  Reprint  in  The  Engineering 
Record,  July  9th,  1904. 

"Arbitrations:  A  Text-Book  for  Arbitrators,  Umpires,  and  All 
Connected  with  Arbitrations,  more  especially  Architects,  Engineers, 
and  Surveyors,  in  Tabulated  Form.,  with  the  Chief  Cases  Governing 
the  Same,  and  an  Appendix  of  Forms,  Statutes,  Rules,  etc.,"  by  Pro- 
fessor Bannister  Fletcher,  F.  R.  I.  B.  A.,  London  (1904).  Crown  8vo, 
149  pages,  cloth,  3d  ed.,  revised  and  largely  rewritten. 

"Architects'  Law  Reports  (illustrated) :  A  Series  of  Revised  Re- 
ports of  Cases  Decided  in  the  Superior  Courts,  of  Importance  to  Archi- 
tects, Surveyors,  and  Others  Interested  in  the  Construction  and  Mainte- 
nance of  Buildings  and  Streets  in  London  and  the  Provinces,"  com- 
piled by  Arthur  Crow,  F.  R.  I.  B.  A.,  Legal  Editor;  A.  F.  Jenkins, 
Barrister-at-law.  London,  Vol.  I,  Dec,  1904,  125  pages,  4to,  paper 
cover;  Vol.  II,  Dec,  1905,  275  pages,  4to,  paper  cover;  Vol.  Ill,  Dec, 
1908,  4to,  paper  cover. 

"Building  Cases:  Being  a  Digest  of  Reported  Decisions  Affecting 
Architects,  Surveyors,  Builders,  and  Building  Owners,"  by  F.  St.  John 
Morrow,  LL.D.,  Barrister-at-law.     London   (1906),  Large  Svo. 

"Building  Contracts,  Building  Leases,  and  Building  Statutes 
(English),  with  Precedents  of  Building  Leases  and  Contracts,  and 
Other  Forms  Connected  with  Building,  and  the  Statute  Law  Relating 
to  Building,  with  Notes  and  Cases  under  the  Various  Sections,  To- 
gether with  an  Appendix  of  Unreported  Building  Cases,"  by  Judge 
Emden.    London  (1907),  800  pages,  4th  ed.,  revised.  Large  Svo. 

"Conditions  of  Contract,"  by  Frank  W.  Macey.    London,  1904. 

"Engineering  and  Architectural  Jurisprudence:  A  Presentation  of 
the  Law  of  Construction  for  Engineers,  Architects,  Contractors, 
Builders,  Public  Officials,  and  Attorneys-at-Law,"  by  John  C.  Wait, 
M.  Am.  Soc  C.  E.    New  York  (1898),  Ixxx  +  905  pages,  8vo,  cloth. 

"Law  of  Contracts,"  by  John  M.  Brown  (the  author).  Wash.  (1907), 
80  pages,  8vo,  cloth. 

"Statutory  Provisions  Relating  to  Government  Contracts,"  by  John 
M.  Brown  (the  author).     V/ash.  (1908),  49  pages,  8vo,  cloth. 

Divisions  of  Contracts. 

Building  contracts  may  be  said  to  be  divisible  into  four  parts 
or  divisions. 

1. — Matters  Preliminary  to  "^Contracts. — Being  the  terms  under 
which  a  contract  is  awarded,  and  giving  the  general  information  neces- 
sary before  the  execution  of  the  agreement.  It  would  include  the 
"Form  of  Agreement"  and  "Schedule  of  Conditions  of  Contract"  as 
given  hereafter. 
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2. — Agreement  (or  so-called  Contract). — Being  the  instrument 
executed  between  the  Owner  and  Contractor,  legally  and  formally  bind- 
ing them  to  fulfill  their  obligations.  It  should  properly  include  the 
"Schedule  of  Conditions  of  Contract." 

3. — Specifications. — Being  the  detailed  written  description  of  the 
method  of  construction  and  of  the  quality  and  kind  of  materials  to  be 
furnished. 

^. — Drawings. — Being  the  detailed,  graphic  design  of  the  work  to 
be  done,  with  the  quantity  and  sizes  of  materials. 

This  paper  treats  only  of  the  Agreement  (or  so-called  Contract). 

The  Agreement,  preferably,  should  not  contain  any  matters  con- 
cerning the  details  of  construction,  these  belonging  properly  to  the 
specifications.  There  are,  however,  a  number  of  legal  requirements 
which  could  be  included  in  the  Agreement  or  in  the  Specification. 
Legally,  they  would  be  just  as  binding  in  one  as  in  the  other.  These 
matters  will  be  mentioned  under  the  heading  "General  Conditions." 

Reasons  for  Contracts. 

A  building  contract  is  entered  into  by  the  Owner  in  order  to  obtain 
the  services  of  a  contractor  who  is  skilled  in  that  particular  kind  of 
work,  and  by  the  Contractor  because  he  expects  to  make  a  certain  profit 
in  remuneration  for  his  services  and  knowledge.  Assured  of  his  profit, 
it  is  immaterial  to  the  Contractor  what  kind  of  work  the  Owner  or 
Engineer  may  desire  to  have  done,  but  if  the  Contractor's  profit  is  not 
assured,  he  becomes  vitally  interested  in  anything  that  may  tend  to 
affect  this  prospective  profit.  With  the  Contractor,  the  work  is  purely 
a  business  proposition;  he  expects  to  make  a  certain  profit  for  doing  a 
particular  amount  of  work.  He  must  make  a  legitimate  profit;  his 
business  life  depends  on  it;  and  the  more  he  feels  this  slipping  away 
from  him  the  more  diligently  will  he  find  ways  and  means  to  reimburse 
himself.  Even  the  best  of  contractors  will  try  hard  to  obtain  this 
profit  in  one  way  or  another,  else  they  must  ultimately  be  forced  from 
business  and  leave  the  field  to  those  who  are  probably  less  competent 
contractors  but  shrewder  business  men. 

A  contract  is  intended  to  insure  that  an  Owner  will  obtain  a  definite 
piece  of  work  for  a  stated  sum  and  within  a  given  time,  and  to  insure 
that,  for  doing  this,  a  Contractor  will  be  paid  stated  sums  of  money 
at  definite  times.    The  contract,  therefore,  should  be  drawn  so  that  the 
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Owner  can  demand  and  obtain  his  work  and  the  Contractor  his  pay- 
ments with  the  least  delay  and  difficulty. 

It  is  thought  that  the  provisions  of  the  Agreement  and  Schedule 
of  Conditions  of  Contract  given  hereafter  will  protect  more  equitably 
the  interests  of  all  parties,  and  permit  the  Engineer  to  enforce  more 
certainly  the  proper  fulfillment  of  the  contract  obligations  than  has 
been  possible  under  the  majority  of  such  documents  which  have  come 
to  the  writer's  notice. 

Systems  of  Contracting. 

At  present  the  systems  of  contracting  used  in  building  work  may 
be  divided  into  two  general  classes,  the  lump-sum  system  and  the 
various  percentage  systems.  They  are  often  designated  by  the  manner 
in  which  the  work  is  to  be  paid  for,  as : 

1. — Lump  sum; 

2. — Cost,  plus  a  percentage; 

3. — Cost,  plus  a  percentage — where  the  General  Contractor  takes 
estimates  for  sub-branches  of  work,  and  makes  lump-sum  contracts, 
with  the  Engineer's  approval; 

4. — Cost,  plus  a  percentage,  with  guaranteed  limit; 

5. — Cost,  plus  a  fixed  sum; 

6. — Cost,  plus  a  fixed  sum,  with  a  bonus  if  cost  is  less  than  a  fixed 
sum,  and  a  penalty  if  it  exceeds  such  sum. 

Of  these,  the  lump-sum  system  is  the  most  usual,  and  is  theoretically 
the  best.  Such  a  system  pre-supposes  that  the  contract  defines  the  work 
to  be  performed,  and  that  a  contractor,  therefore,  can  determine 
accurately  what  the  execution  of  such  work  will  cost.  If,  however,  the 
contract  requirements  are  indefinite,  the  Contractor  is  never  certain, 
no  matter  how  conscientious  he  may  be,  that  he  may  not  be  required, 
under  broad  or  ambiguous  clauses  of  the  contract,  to  furnish  more  than 
he  honestly  understood  would  be  required  from  his  reading  of  the 
contract  when  estimating.  Thus  he  may  be  forced  to  do  work  at  a  net 
loss  instead  of  a  profit.  Under  the  various  percentage  systems,  on  the 
contrary,  the  Contractor  is  assured  of  his  profit,  no  matter  how  much 
work  he  may  be  required  to  do. 

The  lump-sum  contract  is  superior  to  the  percentage  type  because 
it  more  truly  fosters  fair  and  open  competition,  and  is  more  economi- 
cal, as  has  been  demonstrated  amply  by  many  men  of  ripe  experience. 


AGREEMENTS    EOli   BUiLDIXCi    CONTliACTS  447 

This  presumes  that  the  drawings  and  specifications  describe  com- 
pletely and  accurately  everything  that  the  Contractor  must  do  or 
furnish,  especially  where  an  expense  is  involved.  If  this  is  not  done, 
the  Contractor's  prices  become  mere  gambles  on  probabilities,  and  not 
accurate  estimates  of  actual  costs  plus  a  legitimate  profit.  In  such  a 
case  is  it  to  be  wondered  at  that  a  Contractor  will  fight  at  every  legiti- 
mate opening  in  order  to  protect  his  final  profit?  He  is  not  always 
able  legally  to  demand  additional  compensation  for  the  work  which 
has  actually  cost  him  more  than  the  estimated  amount,  therefore  his 
only  opportunity  to  make  up  his  losses  and  come  out  with  a  fair  total 
profit  is  by  obtaining  good  prices  for  additional  work,  or,  if  it  does  not 
appear  that  there  will  be  any  such  worth  while,  the  Contractor  must 
find  flaws  in  the  contract  and  endeavor  to  get  all  the  extra  money  he 
can,  through  technicalities  or  otherwise. 

With  the  irresponsible  or  dishonest  Contractor  there  need  be  no 
sympathy,  but  by  far  the  greater  number  of  Contractors  only 
desire  their  legitimate  profit,  and  the  prospect  of  making  a  fair  profit 
by  hard,  honest  work  is  none  too  bright  at  the  present  time,  under  the 
usual  lump-sum  contract. 

Contractors  have  found  that  the  easiest  and  most  practical  way 
to  overcome  the  disadvantages  of  the  lump-sum  estimates  is  by  the 
various  percentage  systems.  The  Contractor  is  thus  assured  of  his 
profits,  and  the  Owner  and  Engineer  can  change  or  increase  the  work 
to  their  hearts'  content,  as  all  additional  expense  involved  is  borne  by 
the  Owner. 

Assuming  that  the  Contractor  is  honest,  and  that  the  bills  and 
statements  he  presents  for  payment  are  correct,  and  have  all  discounts, 
except  a  cash  discount  deducted,  the  cost  of  percentage  work  is  apt  to 
exceed  the  cost  of  work  done  under  a  lump-sum  contract.  The  reasons 
for  most  of  this  increase  are  not  hard  to  find.  The  Contractor,  not 
being  responsible  for  the  cost,  and  having  his  profits  assured,  readily 
makes  any  changes  and  does  work  as  directed,  no  matter  how  expensive 
or  uneconomical  such  work  may  be,  and  the  Owner  does  not  realize 
how  expensive  his  fads  or  fancies  will  be  until  the  work  is  completed. 
Then  again,  if  the  percentage  is  based  on  the  total  cost,  there  is  not  the 
incentive  for  the  Contractor  to  become  as  zealous  in  obtaining  the 
closest  prices  for  materials  as  he  would  under  a  lump-sum  contract. 

Another  most  serious  objection  to  percentage  work  is  due  to  the 
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fact  that  mechanics  are  inclined  to  loaf,  even  under  the  most  careful 
supervision,  and  it  is  hard  to  get  as  much  work  out  of  them  as  under 
the  lump-sum  system.  They  seem  to  feel  that  as  their  employer,  the 
Contractor,  will  not  suffer  any  loss,  there  will  be  no  harm  done,  or  they 
will  not  be  in  danger  of  losing  their  positions. 

Many  of  the  most  serious  objections  to  the  percentage  system  have 
been  overcome  in  varying  degrees  under  Systems  3,  4,  5,  and  6.  These 
systems  have  much  to  commend  them,  and,  with  all  their  faults,  they 
will  eventually  supersede  the  lump-sum  system,  unless  more  care  is 
taken  to  make  contracts  complete  and  accurate. 

The  English  method  of  "Quantity  Surveying"  is  another  excellent 
attempt  to  overcome  the  worst  objections  to  the  lump-sum  system  of 
estimating,  but,  as  at  present  in  use,  it  would  be  too  cumbersome  for 
American  practice.  There  the  Owner  or  Engineer  has  the  work  to  be 
done  itemized  in  detail,  and  on  this  itemized  statement,  submitted  to 
all  Contractors,  they  fill  in  their  prices.  These  lists  go  into  matters 
in  minute  detail,  and,  as  all  Contractors  estimate  on  the  same  list,  the 
advantage  is  obvious.  The  Royal  Institute  of  British  Architects  had 
approved  forms,  which  are  only  slight  modifications  of  the  one  for 
lump-sum  contracting,  in  which  the  principal  change  is  in  making  the 
"Quantities"  a  part  of  the  contract.  Under  such  a  contract,  the  Con- 
tractor would  be  able  to  obtain  compensation  for  all  items  not  men- 
tioned specifically  in  the  "Schedule  of  Quantities." 

Practical  and   Equitabi,e   Contracts. 

Many  contracts  appear  to  be  drawn  by  the  Engineer  solely  on  the 
assumption  that  the  Owner's  interests  must  be  most  carefully  guarded 
against  failure  by  the  Contractor  to  fulfill  his  agreements  properly. 
In  the  past,  when  profits  were  sufficiently  liberal.  Contractors  could 
afford  to  take  chances  that  "club-clauses"  would  not  be  strictly  enforced, 
and  profits  lost  by  unfair  clauses  could  be  made  up  on  "extras."  To- 
day, however,  competition  is  sharper,  and  profits  are  too  often  figured 
on  too  slender  a  margin  to  permit  a  Contractor  to  "take  care"  of 
losses  caused  by  unfair  clauses.  No  wonder,  then,  that  the  Contractor 
becomes  more  and  more  technical  and  troublesome  over  small  omis- 
sions or  errors,  whereas,  before,  he  could  charge  these  minor  matters 
to  profit  and  loss,  or  good-will.  The  chances  which  a  Contractor  takes 
that  an  Owner  will  not  be  fair-minded  should  not  be  overlooked.    An 
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Owner  may  become  very  exacting,  and  may  insist  on  "strict  and  literal" 
compliance  with  the  letter  of  the  specifications  and  contract,  and  may 
place  an  Engineer  in  a  very  embarrassing  position  by  referring  to  and 
insisting  on  the  literal  fulfillment  of  certain  ambiguous  conditions  or 
the  "taking  of  every  pound  of  flesh,"  against  the  Engineer's  better 
judgment. 

The  value  of  a  just  contract  to  the  Owner  and  the  Engineer  is  as 
great  as  its  value  to  the  Contractor.  A  just  contract,  provided  it  is 
accurate  and  free  from  ambiguity,  cheapens  the  cost  of  work  by  elimi- 
nating the  necessity  for  sums  to  cover  possible  contingencies;  it 
broadens  real  competition,  and  encourages  lower  estimates;  it  ensures 
more  rapid  erection,  and  also  acts  as  a  powerful  regulator  of  the  mutual 
understanding  and  confidence  in  the  fairness  of  all  parties.  Fairness, 
like  oil  for  machinery,  is  necessary  to  prevent  friction. 

The  Agreement  is  only  one  of  the  divisions  of  a  contract.  It  is  the 
specifications  and  drawings,  together,  which  must  give  the  Contractor 
a  clear  and  complete  knowledge  of  the  work  he  must  perform  and  the 
materials  he  must  furnish,  and  should  contain  all  the  information 
necessary  to  permit  him  to  make  an  accurate  estimate  and  to  carry  out 
the  work  properly.  The  specification  requirements  should  define  clearly 
the  result,  the  accomplishment  of  which  is  the  object  of  the  contract. 
It  is  a  general  statement  of  the  work  to  be  performed,  a  description  of 
the  materials,  the  quality  required,  and  the  workmanship  to  be  per- 
formed, with  definite  limits  as  to  what  tests  must  be  made  in  order 
to  determine  compliance  with  the  requirements  of  the  contract,  or  what 
defects  would  be  sufficient  cause  for  rejection. 

Specification  writing  cannot  be  acquired  successfully  without  prac- 
tice and  without  broad  knowledge,  practical  experience,  and  a  careful 
study  of  the  various  materials  and  methods  of  construction  and  their 
relative  costs.  As  ideas  and  methods  change  and  improve,  as  a  result 
of  experience,  so  specifications  should  be  changed  to  keep  abreast  of  the 
times.  An  inexperienced  writer  is  very  apt  to  be  uneven  in  his  descrip- 
tions, writing  at  unnecessary  length  upon  matters  with  which  he  is 
familiar,  and  covering  his  ignorance  of  equally  important  matters  by  the 
brief  and  ambiguous  direction  that  "the  work  shall  be  done  to  the 
entire  satisfaction  of  the  Engineer,"  "whose  decision  is  to  be  final 
and  binding  on  all  parties."  These  statements  are  too  often  an  admis- 
sion that  the  Engineer  did  not  know  what  he  desired,  or  that  the  Owner 
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had  failed  to  express  a  preference  and,  therefore,  had  been  left  with 
unlimited  future  choice. 

As  previously  stated,  the  ultimate  object  of  a  contract  is  to  insure 
to  the  Owner  that  he  will  obtain  a  definite  finished  product,  of  a  certain 
kind,  for  a  particular  cost,  and  in  a  given  time;  and  to  insure  to  the 
Contractor  that  he  will  obtain  certain  sums  of  money  at  definite  times 
for  doing  a  definite  amount  of  work;  and  the  Engineer  is  looked  upon 
as  the  arbitrator  or  judge,  to  see  that  both  parties  receive  their  full 
justice  under  the  contract.  Contracts,  therefore,  should  be  drawn  so 
that  the  Owner  can  demand  and  obtain  his  work  and  the  Contractor 
his  payments  with  the  least  delay  and  difficulty. 

Engineers  have  always  claimed  to  be  arbitrators  between  Owner  and 
Contractor,  and  not  the  representative  solely  of  one  party.  This  posi- 
tion is  a  proper  one,  but  to-day  it  is  more  of  a  myth  than  a  fact.  The 
anomalous  position  is  brought  about,  not  because  Engineers  are  desir- 
ous of  being  unfair,  but  because  of  the  agreements  (or  contracts) 
generally  used,  which  make  it  extremely  hard,  if  not  almost  impossible, 
for  Engineers  to  be  fair  if  they  try  to  conform  to  the  agreement 
provisions. 

It  might  be  claimed  that  one  of  the  most  practical  benefits  to 
Engineers  and  Architects,  in  the  more  general  use  of  an  agreement 
similar  to  the  one  herein  suggested,  might  be  that  it  would  not  so 
insidiously  "lead  us  into  temptation"  but  would  "deliver  us"  from 
many  of  the  pitfalls  lurking  unsuspectingly  around  many  present 
contracts. 

While  there  is  abundant  room  and  great  need  for  material  improve- 
ment in  specifications,  it  must  be  recognized  that,  with  the  limitations 
to  the  best  of  human  endeavors,  it  will  be  extremely  difficult,  even  for 
the  most  conscientious  and  painstaking,  to  prepare  specifications  for 
large  work  which  may  not  contain  some  unfair  requirements,  when 
viewed  from  the  Contractor's  standpoint.  We  can  come  near  to  the 
goal,  certainly  much  nearer  than  is  at  present  the  practice,  but  possibly 
our  slight  oversight  may  mean  a  Contractor's  heavy  loss. 

The  writer,  therefore,  strongly  feels  that  one  of  the  most  practical 
steps  toward  the  realization  of  contracts  which  will  be  fair  and  just  to 
all  parties  will  be  made  by  the  more  general  acceptance  of  the  principles 
contained  in  the  following  forms  of  Agreement  and  Schedule  of  Condi- 
tions of  Contract,  and  the  adoption  of  similar  provisions  in  contracts. 


AGREEMENTS   FOR  BUILDING  CONTRACTS  451 

It  is  suggested  that  the  following  Agreement  and  Schedule  of 
Conditions  of  Contract,  be  read  through  first  as  a  whole,  in  order  to 
obtain  a  general  knowledge  of  their  scope,  omitting  the  reading  of  the 
notes  following.  They  should  then  be  read,  article  by  article,  with 
the  comments  after  each. 

Agreement. 
(For  Lump-Sum  Contracts.)  , 

This  Agreement,  made  the day  of ,  in 

the  year  One  Thousand  Nine  Hundred  and ,  by  and  between 

,  of ,  hereinafter  called  the 

Contractor,  and ,  of ,  herein- 
after called  the  Owner. 

Witnesseth^  that  the  Contractor  and  Owner,  for  the  considerations 
hereinafter  named,  agree  as  follows : 

Article  I. — The  Contractor  agrees  to  provide  all  materials  and  per- 
form all   works  for   the 

(here  briefly  describe  works) 


of  a at   

(here  briefly  describe  type  of  building)  (here  briefly  describe  location) 

shown  on  drawings  numbered and  as  described  in 

the    Specifications    marked , 

prepared  by ,  hereinafter  called  the  Engineer ; 

and  to  do  all  things  required  of  him  by  the  Drawings  and  Specifica- 
tions and  subject  to  the  Conditions  set  forth  in  the  Schedule  hereto 
annexed  (hereinafter  referred  to  as  "the  said  Conditions"). 

Article  II. — The  Contractor  agrees  to  complete  the  works  by  and 
at  the  time  or  times  hereinafter  stated,  to  wit : 


Liquidated  damages  should  be  a  matter  for  special  consideration 
in  each  separate  contract.  Many  Engineers  and  Owners  seem  to 
desire  them,  possibly  for  the  moral  effect  on  Contractors.  The  history 
of  the  legality  of  such  provisions  should  cause  them  to  be  used  with 
caution. 

In  many  cases  the  following  clause  might  be  as  far  as  it  would  be 
advisable  to  go  toward  obtaining  just  and  reasonable  damages  for  delay 
in  completion : 

"The  Contractor  agrees  that  the  time  for  completion  of  the  works 
shall  be  considered  as  of  the  essence  of  the  contract,  and  he  agrees  that 


452  AGREEMENTS  FOR  BUILDING  CONTRACTS 

for  liquidated  damages  he  will  pay  the  Owner  for  the  cost  of  all  extra 
inspection,  and  for  all  amounts  paid  for  rents,  or  for  more  protracted 
services  on  the  part  of  the  Engineer,  or  Clerk  of  the  Works,  or  both, 
and  other  expenses  entailed  by  the  Owner  by  delay  in  completing  the 
contract,  and  the  Owner  shall  be  entitled  to  retain  from  the  amount 
otherwise  to  become  due  to  the  Contractor  an  amount  sufficient  to 
reimburse  properly  the  Owner  for  such  expenses.  Provided,  however, 
that  the  sum  collected  as  aforesaid  for  liquidated  damages  shall  not 

exceed  the  sum  of  $ for  each  and  every  day's  delay  not 

caused  by  the  Owner,  or  otherwise  as  provided  in  the  said  Conditions, 
Section  XXIV  (subject  to  Arbitration)." 

Article  III. — The  Owner  agrees  to  pay  the  Contractor  for  the  execu- 
tion of  the  contract dollars  ($ )  in 

current  funds  subject  to  additions  and  deductions  as  provided  in  the 
said  Conditions,  and  upon  the  presentation  of  the  certificates  of  the 
Engineer,  as  follows : 

Before  the   day  of  each  month,  the  Contractor  may 

submit  to  the  Engineer  a  written  statement  showing  (a)  the  value  of 
the  work  and  materials  actually  wrought  into  the  building  to  the  first 
of  the  month,  (h)  the  value  of  materials  delivered  at  the  building  but 
not   incorporated   into   the  work,    and   shall   deduct   the   aggregate   of 

previous  payments.     On  or  before  the day  of  the  same 

month,  the  Engineer  shall  issue  a  certificate  for   %  of  the 

value  of  work  as  executed  in  the  building,  until  the  balance  retained 

by  the  Owner  amounts  to  the  sum  of  $ ,  after  which  time 

the  payments  shall  be  for  the  full  value  of  the  work  subsequently 
executed.     The  Contractor  shall  be  entitled,  under  the  certificate  to  be 

issued  by  the  Engineer,  to  receive  payment  of ,  being  a  part 

of  the  said  sum  retained  in  hand  when  the  works  are  practically  com- 
pleted, and  in  like  manner  to  payment  of  the  balance  within  a  further 

period  of months,  or  as  soon  after  the  expiration  of  such 

period  of   months   as'  the  work  shall  have  been   finally 

completed,  and  all  defects  made  good  according  to  the  true  intent  and 
meaning  hereof,  whichever  shall  last  happen.  The  Engineer,  however, 
shall  have  authority  to  retain  out  of  any  monies  actually  due  the  Con- 
tractor only  such  sums  as  are  provided  by  the  said  Conditions; 
Section  XXX. 

The  manner  of  payment  could  be  varied  in  many  ways,  as  the  condi- 
tions of  the  particular  case  made  it  necessary.  The  principle  under- 
lying the  form  suggested  above,  however,  is  important. 

As  before  stated,  it  is  as  essential  that  the  Contractor  shall  be  able 
to  demand  and  obtain  his  payments  as  that  the  Owner  shall  be  able  to 
obtain  the  work  for  which  he  pays. 
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In  Article  III  the  Contractor's  right  to  definite  payments  is  ex- 
pressed clearly.  The  Engineer  must  issue  a  certificate  for  money  due, 
and  the  Owner  must  pay  the  amount  due.  It  should  be  noted  that  the 
Engineer  is  allowed  ample  discretionary  power  to  withhold  any  money 
not  justly  due,  as  provided  by  Section  XXX  of  the  Conditions.  Thus 
the  obligations  become  fairly  clean  cut.  If  the  Contractor's  work  is 
not  done  properly,  there  is  ample  power  to  withhold  money  to  cover 
definite  defects.  On  the  other  hand,  if  the  Engineer  or  Owner  with- 
hold any  payments  without  just  cause,  the  Contractor  has  recourse  to 
Arbitration,  under  Section  XXXIV  of  the  Conditions,  or  to  terminate 
the  contract,  under  certain  contingencies,  as  provided  in  Section 
XXXIII. 

The  idea  of  retaining  percentages  until  the  completion  of  the  work 
is  intended  to  insure  its  proper  completion.  The  usual  American 
practice  of  retaining  an  unchanging  percentage  from  start  to 
finish  is  unnecessarily  extravagant,  and  in  contracts  involving  large 
amounts  is  more  harmful  than  beneficial.  After  the  work  has  been 
approximately  half  completed,  the  remainder  should  be  paid  for  in  full 
without  retaining  a  percentage.  Of  course,  additional  sums  can  be 
retained  to  cover  known  defects.  The  sum  retained  when  the  work  is 
half  completed  is  usually  sufliciently  liberal  to  cover  possible  con- 
tingencies, and  is  just  as  effectual  as  to  continue  to  increase  it  until 
completion. 

Article  IV. — It  is  mutually  agreed  that  the  term   "the  Engineer" 

in  the  said  Conditions  shall  mean  the  said or  in  the 

event  of  his  death  or  ceasing  to  be  the  Engineer,  for  the  purpose  of  the 
contract,  such  other  person  as  shall  be  nominated  for  that  purpose  by 
the  Owner,  not  being  a  person  to  whom  the  Contractor  shall  object  for 
reasons  considered  to  be  sufficient  by  the  Arbitrators  or  Arbitrator 
mentioned  in  the  said  Conditions.  Provided,  always,  that  no  person 
subsequently  appointed  to  be  Engineer  under  this  contract  shall  be 
entitled  to  disregard  or  overrule  any  decision,  or  approval,  or  direction, 
given  or  expressed  by  the  Engineer  for  the  time  being. 

The  purpose  of  Article  IV  is  to  cover  cases  which  may  be  unusual 
but  are  generally  very  troublesome  when  they  occur.  It  would  prevent 
a  subsequent  Engineer  from  altering  at  will  matters  of  personal  opinion 
or  choice  of  his  predecessor.  No  two  minds  are  exactly  alike,  and  few 
Engineers  or  Architects  have  exactly  similar  tastes.  Should  an 
Engineer  desire  to  change  work  which  may  be  purely  matters  of  opinion 
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or  judgment  of  both  himself  and  his  predecessor,  such  changes  should 
not  be  paid  for  by  the  Contractor,  but  by  the  Owner,  if  he  decides  to 
follow  the  suggestions  of  his  adviser.  Of  course,  defective  work  should 
be  condemned  at  any  time,  when  discovered.  Should  an  Engineer 
desire  to  change  some  orders  of  his  predecessor,  and  take  the  ground 
that  certain  work  should  be  done  as  a  part  of  the  contract,  he  should 
not  have  arbitrary  power  to  enforce  his  will,  but  could  order  the  work 
done  as  provided  by  Section  XVII  of  the  Conditions,  leaving  to  the 
Contractor  the  right  of  appeal  to  arbitration,  under  Section  XXXIV,  if 
he  desires. 

Article  V. — It  is  mutually  agreed  that  the  said  Conditions  shall  be 
read  and  construed  as  forming  a  part  of  this  Agreement,  and  the 
parties  hereto  will  respectively  abide  by  and  submit  themselves  to  the 
conditions  and  stipulations,  and  perform  the  agreements  on  their  parts, 
respectively,  in  such  Conditions  contained. 

Article  VI. — The  Contractor  and  Owner,  for  themselves,  their  suc- 
cessors, executors,  administrators,  and  assigns,  hereby  agree  to  the  full 
performance  of  the  covenants  and  agreements  herein  contained. 

In  Witness  Whereof,  the  Contractor  and  Owner  have  hereunto  set 
their  hands  and  seals,  the  day  and  year  first  above  written. 

In  presence  of 

[seal] 

[seal] 

Schedule  of  Conditions  of  Contract. 

I. — Drawings  and  Specifications. — The  works  shall  be  erected  in 
accordance  with  the  directions  and  to  the  reasonable  satisfaction  of  the 
Engineer,  in  accordance  with  the  Contract  Drawings  and  Specifica- 
tions, and  in  accordance  with  such  further  drawings,  details,  instruc- 
tions, directions,  and  explanations  as  may  from  time  to  time  be  given 
by  the  Engineer.  If  the  work  shown  on  any  such  further  drawings  or 
details,  or  explanations  be,  in  the  opinion  of  the  Contractor,  extra  to 
that  comprised  in  the  Contract,  he  shall,  before  proceeding  with  such 
work,  give  notice  in  writing  to  this  effect  to  the  Engineer.  In  the 
event  of  the  Engineer  and  Contractor  failing  to  agree  as  to  whether 
or  not  there  is  any  extra,  and  of  the  Engineer  deciding  that  the  Con- 
tractor is  to  carry  out  the  said  work,  the  Contractor  shall  accordingly 
do  so,  and  the  question  whether  or  not  there  is  any  extra,  and  if  so  the 
amount  thereof,  shall,  failing  agreement,  be  settled  by  Arbitration,  as 
provided  in  Section  XXXIV,  and  the  Contractor  will  be  paid  accord- 
ingly. 
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This  section  covers  the  troublesome  question  of  work  shown  by 
details,  etc.,  being  in  excess  of  the  contract  requirements.  It  might  be 
reasonable  to  assume  that  the  Engineer  would  know  better  than  any- 
one else  whether  his  details  require  extra  work,  and  the  Contractor 
should  be  permitted  at  any  time  to  recover  the  value  of  such  work 
upon  proving  that  it  was  extra  to  the  contract.  There  are  many  sound 
objections  to  such  a  course,  and  the  more  satisfactory  of  the  two  evils 
would  seem  to  be  to  require  the  Contractor  to  notify  the  Engineer 
of  any  extra  work,  before  proceeding  with  it,  as  a  precedent  to  obtain- 
ing extra  compensation. 

II. — Contractor  to  Provide  Everything  Necessary. — The  Contractor 
shall  provide  everything  necessary  for  the  proper  execution  of  the 
works,  within  the  limits  established  by  the  Drawings  and  Specifications, 
according  to  the  true  intent  and  meaning  of  the  Drawings  and  Specifi- 
cations taken  together,  whether  the  same  may  or  may  not  be  particu- 
larly shown  on  the  Drawings  or  described  in  the  Specifications,  pro- 
vided that  the  same  is  reasonably  to  be  inferred  therefrom;  and  if  the 
Contractor  finds  any  discrepancy  in  the  Drawings,  or  between  the 
Drawings  and  Specifications,  he  shall  immediately  refer  the  same  to 
the  Engineer,  who  shall  decide  which  shall  be  followed.  Figured 
dimensions  shall  be  followed  in  preference  to  the  scale,  and  figures 
on  large-scale  drawings  shall  take  precedence  over  those  at  smaller 
scale. 

III. — Copies  of  Drawings  and  Specifications. — The  Contract  Draw- 
ings and  Specifications  shall  remain  in  the  custody  of  the  Engineer, 
and  shall  be  produced  by  him  at  his  ofiice  as  and  when  required  by  the 
Contractor  or  the  Owner.  Three  complete  copies  of  all  Drawings  and 
of  the  Specifications  shall  be  furnished  by  the  Engineer,  free  of  cost,  to 
the  Contractor,  for  his  own  use.     The  Engineer  shall  furnish  to  the 

Contractor   within    days    after   the    receipt   by   him   of   a 

request  for  the  same,  any  details  which,  in  the  opinion  of  the  Engineer, 
are  necessary  for  the  execution  of  any  part  of  the  work,  such  request 
to  be  made  only  within  a  reasonable  time  before  it  is  necessary  to 
execute  such  work  in  order  to  fulfill  the  contract.  A  complete  set  of 
such  copies  and  details  shall  be  kept  on  the  works  until  the  completion 
thereof,  and  the  Engineer  or  his  representative  shall  at  all  reasonable 
times  have  access  to  the  same,  and,  as  instruments  of  service,  all 
drawings  are  the  property  of  the  Engineer  and  shall  be  returned  to  the 
Engineer  by  the  Contractor  at  the  time  of  making  the  final  payment 
under  the  contract. 

lY. — Conform  to  Laws,  Regulations,  Etc. — The  Contractor  shall 
conform  to  the  provisions  of  all  the  State  building  and  sanitary  laws, 
and   with    all   municipal   or   local    ordinances,   rules,    and    regulations 
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relating  to  building  and  to  the  preservation  of  the  public  health  and 
safety,  also  with  all  regulations  of  the  Board  of  Fire  Underwriters  and 
Fire  Insurance  Authorities  having  jurisdiction,  and  of  any  Water  and 
Lighting  Companies  with  whose  systems  the  structure  is  proposed  to  be 
connected,  and,  before  making  any  variations  from  the  Drawings  and 
Specifications  that  may  be  necessary  by  so  conforming,  shall  give  to  the 
Engineer  written  notice,  specifying  the  variation  proposed  to  be  made, 
and  the  reason  for  making  it,  and  apply  for  instructions  thereon.  In 
case  the  Contractor  shall  not  in  due  course  receive  such  instructions, 
he  shall  proceed  with  the  work,  conforming  to  the  provisions,  ordi- 
nances, rules,  and  regulations  in  question,  and  the  variation  thus 
necessitated  shall  be  dealt  with  under  Section  XXXIV.  All  contract 
requirements  over,  above,  and  beyond  the  said  provisions,  ordinances, 
rules,  and  regulations,  shall  be  fully  complied  with.  The  Contractor, 
at  his  own  expense,  unless  the  law  specifically  requires  the  Owner  to  do 
so,  shall  obtain  all  necessary  permits  and  licenses,  give  all  necessary 
notices,  and  pay  all  legal  fees. 

The  laws,  ordinances,  etc.,  of  States  and  municipalities  are  often 
very  divergent  in  their  requirements,  and  in  places  positively  con- 
tradictory. The  meaning  of  many  of  their  requirements,  together  with 
a  great  many  of  those  of  various  Fire  Insurance  Authorities,  is  not 
easy  to  determine  by  the  most  careful  reading.  Then  again,  the  local 
authorities  may  have  discretionary  powers,  and  their  "personal  prefer- 
ences" may  be  difficult  to  obtain,  even  by  local  men.  Thus  it  would 
appear  that,  if  an  Engineer  cannot  interpret  correctly  the  local  require- 
ments in  his  drawings  and  specifications,  it  is  unfair  to  place  the 
responsibility,  by  a  blanket  clause,  on  the  Contractor.  If,  therefore,  the 
authorities  require  work  to  be  done  in  a  different  manner  than  that 
called  for  by  the  contract  documents,  and  such  work  involves  addi- 
tional expense,  the  Owner,  and  not  the  Contractor,  should  pay  for 
the  same. 

v.- — Setting  Out  Work. — The  Contractor  shall  set  out  the  work  in 
accordance  with  the  Owner's  survey  and  the  Engineer's  drawings,  and, 
during  the  progress  of  the  building,  shall  correct  at  his  own  expense 
any  errors  arising  from  inaccurate  setting  out,  unless  the  Engineer 
shall  decide  to  the  contrary. 

It  is  advisable  that  the  Owner  have  a  survey  made,  and  guaranteed, 
if  desired,  by  some  recognized  Title  Guaranty  Company.  With  this 
survey  and  the  drawings,  the  Contractor  should  be  held  to  lay  out  the 
work  correctly;  but,  to  renounce  all  responsibility  for  the  survey  or 
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drawings,  and  endeavor  to  place  the  responsibility  for  all  conditions, 
both  known  and  unknown,  on  a  Contractor,  is  not  good  business  policy, 
nor  keen  professional  foresight,  though  there  may  be  specific  cases 
apparently  to  justify  such  a  course. 

VI. — Foreman. — The  Contractor  shall  keep  constantly  on  the  works 
a  competent  general  foreman,  and  any  directions  or  explanations  given 
by  the  Engineer  to  such  foreman  shall  be  held  to  have  been  given  to 
the  Contractor. 

VIL — Assignment  of  Contract. — The  Contractor  shall  not,  without 
the  written  consent  of  the  Engineer,  assign  this  agreement,  and,  before 
subletting  any  portion  of  the  works,  shall  notify  the  Engineer  of  such 
fact,  in  writing.  No  sub-contractors,  to  whom  the  Engineer  has  made 
written  objections,  shall  be  employed,  and  the  Contractor  shall  assume 
full  responsibility  for  all  his  sub-contractors. 

Sub-contractors  are  not  legally  recognized  as  parties  to  a  contract, 
but,  in  many  cases  the  power  is  assumed  of  dictating  to  a  Contractor 
what  persons  he  must  employ  as  sub-contractors.  Such  a  course  is  not 
only  unfair,  but  might  cause  legal  difficulties  later,  should  the  Con- 
tractor take  the  ground  that  he  is  not  responsible  for  the  acts  of  a  sub- 
contractor, not  of  his  own  selection,  but  who  was  forced  upon  him  by 
the  Engineer  or  Owner.  In  the  foregoing  section  the  Engineer  may 
disapprove  of  sub-contractors  who  are  not  satisfactory,  but  he  is  not 
permitted  to  dictate  who  must  be  employed  as  sub-contractors.  Where 
the  Engineer  approves  a  sub-contractor,  it  can  be  implied  that  he  con- 
siders that  the  person  whom  he  may  approve  will  be  satisfactory,  while, 
by  confining  himself  to  the  disapproval  of  unsatisfactory  sub-con- 
tractors, no  such  satisfaction  can  be  implied,  as  the  persons  finally 
employed  may  be  entirely  unknown  to  the  Engineer. 

VIII. — Worlc  hy  Other  Contractors. — The  Contractor  shall  permit 
the  execution  of  work  by  any  other  mechanics  or  trades  employed  by 
the  Owner,  and  shall  afford  them  every  reasonable  facility  for  the 
proper  erection  of  their  work.  The  Owner  agrees  not  to  employ  any 
other  mechanics  or  trades  on  the  work  against  whom  the  Contractor 
shall  make  what  the  Engineer  considers  a  reasonable  objection,  or  who 
will  not  enter  into  a  contract  with  the  Contractor  guaranteeing  the  due 
performance  of  his  work  and  indemnifying  the  Contractor  against 
valid  claims  which  may  arise  during  the  performance  of  the  work. 

The  object  of  this  section  is  simply  to  minimize  the  chances  for 
disagreements    between    independent    contractors    and    their    making 
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claims  to  the  Owner  for  damages  done  to  them  by  other  contractors.  By 
this  section,  if  a  General  Contractor  is  responsible  for  the  completion 
of  certain  work,  he  is  permitted  to  make  reasonable  objection  to  other 
independent  Contractors  before  they  are  employed,  and  to  exact  a 
warranty  for  valid  claims  arising  out  of  the  work.  If  they  agree  to 
indemnify  each  other,  the  Owner  has  then  fulfilled  his  obligations; 
then  any  disagreements  mvist  be  settled  between  the  individual  Con- 
tractors, and  the  Owner  can  demand  with  a  clear  conscience  that  they 
shall  perform  their  contract  obligations,  and  settle  their  own  differences. 

IX. — Materials,  Etc.,  to  Conform  to  Specifications. — All  materials 
and  workmanship  shall  be  of  the  respective  kinds  described  in  the 
Specifications,  and  the  Contractor,  upon  the  request  of  the  Engineer, 
shall  furnish  him  with  vouchers  to  prove  that  the  materials  are  such  as 
are  specified.  The  Contractor  shall  also  furnish  duplicate  labelled 
samples  of  materials  and  workmanship,  for  the  Engineer's  approval, 
and  the  materials  and  workmanship  furnished  shall  be  equal  to  the 
approved  samples. 

X. — Dismissal  of  Workmen. — The  Contractor,  on  the  written  re- 
quest of  the  Engineer,  shall  immediately  dismiss  from  the  works  any 
person  employed  thereon  by  him,  who,  in  the  opinion  of  the  Engineer, 
may  be  incompetent,  or  who  misconducts  himself,  and  such  person 
shall  not  be  again  employed  on  the  works  without  the  permission  of  the 
Engineer. 

XI. — Access  to  Worh. — The  Engineer  and  any  person  authorized 
by  him  shall  at  all  reasonable  times  have  access  to  the  works,  and  the 
Engineer  and  his  representatives  shall  at  like  times  have  access  to  the 
workshops  of  the  Contractor  or  other  places  where  work  is  being  pre- 
pared for  the  building. 

XII. — Clerk  of  Works. — The  Clerk  of  the  Works  or  other  repre- 
sentative shall  be  considered  to  act  solely  as  inspector,  and  under  the 
Engineer,  and  the  Contractor  shall  afford  him  every  facility  for 
examining  the  works  and  materials.  The  Clerk  of  the  Works  or  other 
representative  shall  have  no  power  to  revoke,  alter,  enlarge,  or  relax 
any  requirements  of  the  contract,  except  in  so  far  as  such  authority 
may  be  specifically  conferred  by  a  written  order  of  the  Engineer. 

XIII. — Work  to  Be  Opened  Up. — The  Contractor,  at  the  request  of 
the  Engineer,  and  within  such  times  as  the  Engineer  shall  name,  shall 
open  for  inspection  any  work  covered  up;  and  should  the  Contractol 
refuse  or  neglect  to  comply  with  such  request,  the  Engineer  may  employ 
other  workmen  to  open  up  the  same.  If  the  said  work  has  been  covered 
up  in  contravention  of  the  Engineer's  instructions,  or  if,  on  being 
opened  up,  it  is  found  to  be  not  in  accordance  with  the  Drawings  and 
Specifications  or  the  instructions  of  the  Engineer,  the  expense  of  open- 
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ing  and  covering  it  up  again,  whether  done  by  the  Contractor  or  such 
other  workmen,  shall  be  borne  by,  and  shall  be  recoverable  from,  the 
Contractor,  or  may  be  deducted,  as  hereafter  provided.  If  the  work  has 
not  been  covered  up  in  contravention  of  such  instructions,  and  be  found 
in  accordance  with  the  said  Drawings  and  Specifications  or  instructions, 
then  the  expense  aforesaid  shall  be  borne  by  the  Owner  and  be  added  to 
the  contract  sum:  provided  always  that  in  the  case  of  foundations,  or 
other  urgent  work  thus  opened  up  and  requiring  immediate  attention, 
the  Engineer,  within  a  reasonable  time  after  the  receipt  of  notice  from 
the  Contractor  that  the  work  has  been  so  opened,  shall  make  or  cause 
the  inspection  thereof  to  be  made,  and  at  the  expiration  of  such  time, 
if  such  inspection  shall  not  have  been  made,  the  Contractor  may  cover 
up  the  same,  and  shall  not  be  required  to  open  it  up  again  for  in- 
spection except  at  the  expense  of  the  Owner. 

This  section  seems  to  indicate  the  fairest  practical  way  of  solving 
a  perplexing  problem. 

XIV. — Removal  of  Work. — During  the  progress  of  the  works,  the 
Engineer  shall  have  power  to  order  in  writing  from  time  to  time  the 
removal  from  the  works,  within  such  reasonable  time  or  times  as  may 
be  specified  in  the  order,  of  any  materials  which  in  the  opinion  of  the 
Engineer  are  not  in  accordance  with  the  Specifications  or  the  instruc- 
tions of  the  Engineer,  the  substitution  of  proper  materials,  and  the 
removal  and  proper  re-execution  of  any  work  executed  with  materials 
or  workmanship  not  in  accordance  with  the  Drawings  and  Specifica- 
tions or  instructions ;  and  the  Contractor  shall  forthwith  carry  out  such 
order  at  his  own  cost.  In  case  of  default  of  the  Contractor  to  carry  out 
such  order,  the  Owner  shall  have  power  to  employ  and  pay  other  persons 
to  carry  out  the  same;  and  all  expenses  consequent  thereon  or  inci- 
dental thereto  shall  be  borne  by  the  Contractor,  and  shall  be  recover- 
able from  him  by  the  Owner,  or  may  be  deducted  by  the  Owner  from 
any  monies  due  or  that  may  become  due  to  the  Contractor.  If,  in  the 
opinion  of  the  Engineer,  it  is  not  expedient  to  remove  materials  de- 
livered or  alter  work  done  which  is  not  in  accordance  with  the  contract, 
the  Owner  may  deduct  the  difference  in  value  of  the  materials  as 
delivered  and  the  work  as  done  and  that  required  by  the  Drawings 
and  Specifications,  together  with  a  fair  amount  for  damages,  which 
sum  shall  be  determined  by  the  Engineer  (subject  to  Arbitration). 

XV. — Defective    Work. — Any   defects,    shrinkage,    or    other    faults 

which  may  appear  within months  from  the  completion  of  the 

works,  and,  in  the  opinion  of  the  Engineer,  arising  from  materials  or 
workmanship  not  in  accordance  with  the  Drawings  and  Specifications 
or  the  instructions  of  the  Engineer,  or  any  damage  to  pointing  by 
frost,  appearing  within  the  like  period,  shall,  upon  the  direction  in 
writing  of  the  Engineer,  and  within  such  reasonable  time  as  shall  be 
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specified  therein,  be  amended  and  made  good  by  the  Contractor  at  his 
own  expense,  unless  the  Engineer  shall  decide  that  he  ought  to  be  paid 
for  the  same;  and,  in  case  of  default,  the  Owner  may  employ  and  pay 
other  persons  to  amend  and  make  good  such  defects,  shrinkage,  or 
other  faults  or  damage,  and  all  expenses  consequent  thereon  or  inci- 
dental thereto  shall  be  borne  by  the  Contractor  and  shall  be  recover- 
able from  him  by  the  Owner  from  any  monies  due  or  that  may  become 
due  to  the  Contractor.  Should  any  defective  work  have  been  done 
or  should  any  defective  materials  be  supplied  by  any  sub-contractor 
employed  on  the  work  who  has  been  nominated  or  approved  by  the 
Engineer,  as  provided  in  Sections  VII  and  XXIX,  the  Contractor 
shall  be  liable  to  make  good  in  the  same  manner  as  if  such  work  or 
materials  had  been  done  or  supplied  by  the  Contractor  and  had  been 
subject  to  the  provisions  of  this  and  the  preceding  Section. 

XVI. — Copy  of  Quantities,  Etc. — The  Contractor,  if  required  be- 
fore executing  this  agreement  or  before  making  application  for  any 
payment,  shall  furnish  to  the  Engineer,  upon  a  blank  form  prepared 
by  him,  a  correct,  verified,  itemized  statement,  showing  the  quantities 
of  labor  and  materials  that  will  be  required  to  perform  the  principal 
items  of  the  contract,  together  with  their  prices;  and  the  amount  in- 
cluded in  his  estimate  for  each  general  item  of  work  to  be  furnished 
complete  and  in  position,  including  in  each  item  its  due  proportion  of 
expense  and  profit,  the  sum  of  the  different  items  equalling  the  total 
amount  of  the  proposal.  The  above  schedule  shall  be  for  the  use  of 
the  Engineer,  at  his  discretion,  only  in  preparing  estimates  for  pay- 
ments on  account  to  the  Contractor. 

If  this  section  is  read  in  connection  with  Sections  XVII  and 
XVIII,  it  will  be  seen  that  possibly  many  apparently  desirable  modifi- 
cations are  covered  by  the  provisions  of  those  two  sections. 

XVII. — Variations  and  Extras. — The  Contractor,  when  authorized 
by  the  Engineer,  or  as  provided  by  Section  IV,  shall  vary  by  altering, 
adding  to,  or  deducting  from  the  contract  requirements;  such  author- 
ization is  to  be  sufficiently  proven  by  any  writing  or  drawing  signed  by 
the  Engineer,  or  by  any  subsequent  written  approval  by  him,  but  the 
Contractor  shall  make  no  variation  without  such  authorization.  No 
claim  for  extra  compensation  will  be  allowed  unless  it  shall  have  been 
executed  under  the  provision  of  Section  IV,  or  by  the  authority  of  the 
Engineer,  as  herein  mentioned.  Such  an  extra  is  hereinafter  referred 
to  as  an  authorized  extra. 

Variations  in  the  contract  (or  extras)  is  one  of  the  most  trouble- 
some phases  of  lump-sum  contract  work.  By  the  provisions  of  this 
section  and  Section  XVIII,  with  the  final  redress  to  arbitration  under 
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Section  XXXIV,  it  is  hoped,  that  the  greater  part  of  such  contro- 
versies can  be  adjusted  satisfactorily. 

XVIII. — Price  for  Extras. — No  variation  shall  vitiate  the  con- 
tract; but  all  alterations,  additions  to,  or  deductions  from  the  con- 
tract requirements,  which  may  have  been  made  with  the  authority  of 
the  Engineer,  or  without  his  authority,  provided  he  gives  subsequently 
a  written  sanction  to  such  omission,  shall  be  valued  in  one  of  the  four 
following  ways,  as  may  be  selected  by  the  Owner: 

A. — By  Estimate  and  Acceptance  of  a  Lump  Sum.  The  Contractor 
shall  submit  an  estimate  for  making  the  variation  contemplated,  and 
in  case  an  agreement  as  to  price  cannot  be  reached,  the  Engineer  may 
order  the  work  to  proceed  and  the  Contractor  shall  forthwith  proceed 
with  such  variation  and  leave  the  price  to  be  settled  by  Arbitration.  A 
tentative  amount,  however,  will  be  allowed  by  the  Owner,  equal  to  the 
proportion  of  the  amount  of  the  estimate  conceded  by  both  the  Owner 
and  Contractor,  and  payments  will  be  made  on  the  basis  of  such 
amount  "without  prejudice"  until  the  correct  amount  shall  be  deter- 
mined by  Arbitration. 

B. — By  Unit  Prices.  Where  the  Contractor  shall  have  given,  in 
his  estimate  for  the  contract,  or  in  subsequent  accepted  estimates,  unit 
prices  for  specified  parts  of  the  work,  the  Engineer  may  make  an 
award  of  a  sum  based  on  these  unit  prices,  subject  to  Arbitration. 

C. — By  Net  Cost.  In  this  case  the  Contractor  will  be  paid  the 
actual  net  amount  paid  by  him  for  materials;  after  all  trade  discounts, 
except  a  hona  fide  cash  discount,  have  been  deducted;  plus  the  cost 
of  labor  or  material  required  to  erect  and  finish  the  work  properly; 
plus  ....  %  for  profit,  general  ofiice  superintendence,  and  other  general 
ofiice  expenses  not  peculiar  to  this  contract;  plus  .  . .  .%  per  month  on 
the  actual  cost  for  reproducing  the  plant  as  used  for  such  extra  work, 
for  plant  rental.  The  total  net  cost  shall  not  exceed  the  usual  reason- 
able cost  for  similar  work,  unless  the  Contractor  can  prove  conclu- 
sively that  the  excess  was  due  to  exceptional  and  unavoidable  diffi- 
culties or  conditions.  At  required  intervals,  of  not  less  than  seven 
days,  the  Contractor  shall  render  detailed  statements  and  vouchers, 
and  the  Engineer  will  award  an  amount  as  the  net  cost,  subject  to 
Arbitration.  In  variations  involving  the  omission  of  work,  the  amount 
to  be  deducted  for  such  omission  shall  be  based  on  the  net  cost  as  given 
above,  plus  ....  %  for  prospective  profit. 

D. — ^By  Cost  Plus  a  Lump  Sum.  In  such  cases  the  Contractor 
shall  submit  an  estimate  which  he  agrees  the  variation  shall  not  ex- 
ceed, plus  a  sum  for  profit.  The  Contractor,  at  required  intervals,  of 
not  less  than  seven  days,  shall  render  detailed  statements  and  vouchers 
of  the  net  cost,  on  the  same  basis  as  given  under  "G"  above,  except 
that  no  profit  shall  be  included.     If  the  actual  cost  is  less  than  that 
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g-iven  in  his  estimate,  the  Contractor  shall  receive,  in  addition  to  the 
lump  sum  profit,.  ..  .%  of  the  difference  between  the  actual  cost  and 
the  amount  of  his  estimate.  If  the  actual  cost  is  greater  than  that 
given  in  his  estimate,  the  Contractor  shall  receive,  in  addition  to  the 
amount  of  his  estimate,  only  .  . .  .%  of  the  difference  between  the  actual 
cost  and  the  amount  of  his  estimate. 

The  foregoing  methods  of  determining  the  price  to  be  paid  for 
variations  to  the  contract  (or  extras)  with  the  redress  to  Arbitration 
(Section  XXXIV),  is  in  principle  the  most  equitable  method  that  has 
come  to  the  writer's  notice,  for  solving  one  of  the  most  vital  parts  of  a 
contract — the  proper  compensation  for  legitimate  extra  work.  This 
section,  in  detail,  is  entirely  different  from  anything  which  the  writer 
has  seen  in  use,  and  he  suggests  for  it  special  consideration.  In  prin- 
ciple, it  is  similar  to  the  requirements  of  the  Royal  Institute  of  British 
Architects. 

XIX. — Damage  to  Persons  and  Property. — The  Contractor  shall 
indemnify  and  save  harmless  the  Owner  of  and  from  any  and  all  claims 
and  demands  which  may  be  made  by  reason  of  (1)  any  injury  or  dam- 
age suffered  or  sustained  by  any  person  or  corporation,  caused  by,  or 
alleged  to  have  been  caused  by,  any  act  or  omission  of  the  Contractor 
or  his  agents,  servants,  workmen,  employees,  or  sub-contractors,  in  the 
course  of  the  performance  of  the  work;  and  (2)  any  injury  or  dam- 
age suffered  or  sustained  by  any  such  agents,  servants,  workmen,  em- 
ployees, or  sub-contractors,  however  caused,  in  or  about  said  building; 
and  the  Contractor,  at  his  own  cost,  expense,  and  risk,  shall  defend  any 
and  all  actions,  suits,  or  other  legal  proceeding  that  may  be  brought 
or  instituted  against  the  Owner  on  any  such  claim  or  demand,  and 
pay  and  satisfy  any  judgment  that  may  be  rendered  against  the  Owner 
in  any  such  action,  suit,  or  other  legal  proceeding,  or  result  thereof; 
provided,  however,  that  this  section  shall  not  be  construed  as  an  assump- 
tion by  the  Contractor  of  any  liability  to  the  Owner  for  any  injury  or 
damage  caused  by  an  employee  of  the  Owner  who  is  not  a  Contractor  or 
sub-contractor,  or  an  agent,  servant,  workman,  or  employee  of  a  Con- 
tractor or  sub-contractor  engaged  in  the  performance  of  work  in  or 
about  said  building. 

XX. — Damage  to  Worl:. — The  Contractor  shall  assume  the  respon- 
sibility for,  and  repair  at  his  own  expense,  all  damage  to  his  work,  or 
the  work  of  other  Contractors,  or  to  the  building  and  contents,  caused 
by  the  installation  of  work  or  by  the  carelessness  or  negligence  of  him- 
self, his  sub-contractors,  or  employees.  He  shall  also  be  responsible 
for,  and  make  good,  any  damage  to  adjoining  property,  caused  by  any 
movement  or  settlement,  or  by  material  or  implements  falling  upon  the 
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same  during  construction,  or  for  any  other  cause  for  which  the  Owner 
may  be  held  liable,  and  shall  thoroughly  complete  the  whole  of  the 
works. 

XXI. — Patent  Infringement,  Etc. — ^The  Contractor  shall  indemnify 
and  save  harmless  the  Owner  from  any  and  all  claims  and  demands 
which  may  be  made  by  reason  of  any  infringement,  or  alleged  infringe- 
ment, of  any  patent,  patent  rights,  or  claim,  caused,  or  alleged  to  have 
been  caused,  by  the  use  of  any  apparatus  or  appliances,  or  portions 
thereof,  furnished  or  installed  by  the  Contractor;  and  the  Contractor, 
at  his  own  cost,  expense,  and  risk,  shall  defend  any  and  all  actions, 
suits,  or  other  legal  proceedings  that  may  be  brought  or  instituted 
against  the  owner  on  any  such  claim  or  demand,  and  pay  and  satisfy 
any  judgment  or  decree  that  may  be  rendered  or  adjudged  against  the 
Owner  in  any  action,  suit,  or  other  legal  proceeding  or  result  thereof. 

XXII. — Insurance. — During  the  progress  of  the  works,  the  Owner 
will  maintain  insurance  on  said  works,  in  his  own  name  and  in  the 
name  of  the  Contractor,  against  loss  or  damage  by  fire  or  lightning, 
and  the  policies  will  cover  all  work  incorporated  in  the  building,  ex- 
cept that  of  excavation  and  foundations  below  the  level  of  the  ground, 
and  all  materials  for  same  in  or  about  the  premises,  and  be  made 
payable  to  the  Owner,  for  adjustment  between  the  parties  hereto, 
as  their  interests  may  appear.  At  the  end  of  each  month  the  Con- 
tractor shall  deliver  to  the  Owner  a  statement  showing  the  total  value 
of  work  done  and  materials  delivered,  as  herein  described,  to  that  date, 
and  the  owner  will  maintain  said  insurance  in  accordance  with  the  lat- 
est statement  thus  delivered. 

The  objection  to  most  insurance  clauses  is  the  difficulty  of  adjust- 
ing properly  the  interests  as  they  may  appear.  Fire  Insurance  Com- 
panies usually  hold  such  payments  until  both  parties  sign  an  agree- 
ment stating  the  proportionate  amounts  each  party  is  to  receive.  This 
adjusting,  in  case  of  a  disagreement,  may  consume  considerable  time, 
and  delay  the  continuance  of  the  work.  Under  Section  XXII  the 
amount  of  the  insurance  is  payable  directly  to  the  Owner,  and  as  he 
receives  monthly  a  statement  from  the  Contractor  and  insures  the 
Contractor  in  accordance  with  such  statement,  it  is  fairly  simple  to 
estimate  the  Contractor's  loss  at  any  time.  If  the  Owner  neglects  to 
insure  himself  properly,  he  then  has  no  one  but  himself  to  blame. 

XXIII. — Damages  for  Delay. — Should  the  Owner  claim  damages 
for  delay  in  the  completion  of  the  works,  the  Engineer,  if,  in  his 
opinion,  any  damages  be  payable,  will  make  an  award  on  the  basis 
stated  in  the  Agreement,  and  will  write  the  amount  across  the  face 
of  the  final  certificate  as  "the  amount  to  be  deducted  from  the  face 
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hereof  for  delay  in  completion  of  the  work"  (subject  to  Arbitration). 
Thereupon  the  Engineer's  services  in  this  matter  shall  terminate,  ex- 
cept as  provided  under  Section  XXXIV. 

Should  the  Contractor,  by  his  own  fault  or  negligence,  unnecessa- 
rily delay  the  completion  of  the  work,  thereby  necessitating  unusual  or 
more  protracted  services  on  the  part  of  the  Engineer  or  the  Clerk  of 
the  Works,  or  both,  the  Owner  shall  be  entitled  to  retain  from  the 
amount  otherwise  to  become  due  the  Contractor  an  amount  sufficient 
to  reimburse  properly  either  the  Engineer  or  the  Clerk  of  the  Works, 
or  both,  for  such  protracted  or  unusual  services  (subject  to  Arbitra- 
tion). 

This  section  should  be  read  in  connection  with  any  damages  to  be 
allowed  under  Article  II  of  the  Agreement.  It  should  be  distinctly 
stated  in  the  Agreement  whether  or  not  the  specified  sum  for  damages 
includes  the  protracted  services  of  the  Engineer,  etc.,  herein  mentioned. 
In  many  cases  compensation  for  such  protracted  services  might  be  all 
the  damage  that  should  justly  be  demanded. 

XXIV. — Extension  of  Time. — If,  in  the  opinion  of  the  Engineer, 
the  work  be  delayed  by  force  majeure  or  by  reason  of  any  exception- 
ally inclement  weather,  or  by  reason  of  instructions  from  the  En- 
gineer in  consequence  of  proceedings  taken  or  threatened  by,  or 
disputes  with,  adjoining  or  neighboring  owners,  or  by  the  work  or 
delay  of  other  Contractors  or  mechanics  engaged  or  nominated  by  the 
Owner  or  the  Engineer,  and  not  referred  to  in  the  Specifications,  or  by 
reason  of  authorized  extras  or  additions,  or  in  consequence  of  any 
notice  reasonably  given  by  the  Contractor  in  pursuance  of  Section 
IV,  or  by  the  combined  action  of  workmen,  in  no  wise  caused  by  or 
resulting  from  default  or  collusion  on  the  part  of  the  Contractor,  or 
in  consequence  of  the  Contractor  not  having  received  in  due  time 
necessary  instructions  from  the  Engineer  for  which  he  shall  have 
specifically  applied  in  writing,  the  Engineer  will  make  a  fair  and 
reasonable  extension  of  time  for  completion  in  respect  thereof.  In 
case  of  such  combined  action  of  workmen,  the  Contractor  shall,  as  soon 
as  may  be,  give  to  the  Engineer  written  notice  thereof;  but  the  Con- 
tractor shall,  nevertheless,  use  his  best  endeavors  to  prevent  delay,  and 
shall  do  all  that  may  reasonably  be  required,  to  the  satisfaction  of  the 
Engineer,  to  proceed  with  the  works. 

The  usual  practice  is  to  grant  an  extension  of  time  to  a  Contractor 
equal  to  the  time  which  he  may  be  delayed,  provided  he  gives  notice 
of  such  delay  within  48  hours.  The  reasons  for  which  extensions 
may  be  granted  are  usually  very  few,  and  not  always  of  the  most  im- 
portance.    The  section  suggested  above  will  probably  be  objected  to  as 
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not  definitely  specifying  the  length  of  the  extension  of  time  that  may 
be  allowed.  The  Engineer  is  empowered  to  make  a  fair  and  rea- 
sonable extension  of  time  for  completion,  and  he  can  thus  take  into 
account  matters  which  it  would  be  hard  to  cover  by  an  arbitrary  clause. 
Should  either  party  feel  aggrieved  by  the  length  of  time  of  the  exten- 
sion, it  has  the  right  of  appeal  to  Arbitration  (Section  XXXIV). 

XXY. — Suspension  of  Worh  hy  Contractor. — If  the  Contractor,  ex- 
cept on  account  of  any  legal  restraint  upon  the  Owner  preventing 
the  continuance  of  the  works,  or  on  account  of  any  of  the  causes  men- 
tioned in  Section  XXIV,  or  in  case  of  any  certificate  being  withheld 
or  not  paid  when  due,  shall  suspend  the  works,  or,  in  the  opinion  of 
the  Engineer,  shall  neglect  or  fail  to  proceed  with  due  diligence  in 
the  performance  of  his  part  of  the  contract,  or  if  he  shall  more  than 
once  make  default  in  the  respects  mentioned  in  Section  XIV,  the 
Owner,  by  the  Engineer,  shall  have  power  to  give  notice  in  writing  to 
the  Contractor  requiring  that  the  works  be  proceeded  with  in  a  rea- 
sonable manner  and  with  reasonable  despatch.  Such  notice  shall  not 
be  unreasonably  or  vexatiously  given,  and  must  signify  that  it  purports 
to  be  a  notice  under  the  provisions  of  this  section,  and  must  specify 
the  act  or  default  on  the  part  of  the  Contractor  upon  which  it  is  based. 
After  such  notice  shall  have  been  given,  the  Contractor  shall  not  be  at 
liberty  to  remove  from  the  site  or  works,  or  from  any  ground  con- 
tiguous thereto,  any  plant  or  materials  belonging  to  him  which  shall 
have  been  placed  thereon  for  the  purpose  of  the  works;  and  the  Owner 
shall  have  a  lien  upon  all  such  plant  and  materials,  to  subsist  from  the 
date  of  such  notice  being  given  until  the  notice  shall  have  been  com- 
plied with.  Provided  always  that  such  lien  shall  not,  under  any  cir- 
cumstances, subsist  after  the  expiration  of  thirty-one  days  from  the 
date  of  such  notice  being  given,  unless  the  Owner  shall  have  entered 
upon  and  taken  possession  of  the  works  and  site,  as  hereinafter  pro- 
vided. If  the  Contractor  shall  fail  for  ....  days  after  the  time  given 
in  such  notice  to  proceed  with  the  works  as  therein  prescribed,  the 
Owner  shall  be  at  liberty  to  provide  any  such  labor  or  materials,  and 
to  deduct  the  cost  thereof  from  any  money  then  due  or  thereafter  to 
become  due  to  the  Contractor  under  the  contract. 

The  general  purport  of  this  section  is  similar  to  the  majority  of 
similar  American  clauses.  Its  wording,  however,  is  freer  from  uncer- 
tainties, and  deserves  careful  attention. 

XXYI. — Termination  of  Contract  hy  Owner. — If  the  Contractor 
shall  fail  for  ....  days  after  such  notice  has  been  given  as  provided  in 
Section  XXV,  to  proceed  with  the  work  as  therein  prescribed,  and  if 
the  Engineer  shall  then  certify  that  such  refusal,  neglect,  or  failure 
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is  sufficient  ground  for  such  action,  the  Owner  may  enter  upon  and 
take  possession  of  the  works  and  site,  and  of  all  plant  and  materials 
thereon  (or  on  any  ground  contiguous  thereto),  intended  to  be  iised  for 
the  works,  and  all  such  materials  as  above  mentioned  shall  thereupon 
become  the  property  of  the  Owner  absolutely,  and  the  Owner  shall  re- 
tain and  hold  a  lien  upon  all  such  plant  until  the  works  shall  have  been 
completed  under  the  powers  hereinafter  conferred  on  him.  If  the 
Owner  shall  exercise  the  above  power  he  may  engage  any  other  person 
to  complete  the  works,  and  exclude  the  Contractor,  his  agents,  and 
servants,  from  entry  upon  or  access  to  the  same,  except  that  the  Con- 
tractor or  any  one  person  nominated  by  him  may  have  access  at  all 
reasonable  times  to  inspect,  survey,  and  measure  the  works.  And  the 
Owner  shall  take  such  steps  as,  in  the  opinion  of  the  Engineer,  may 
be  reasonably  necessary  for  completing  the  works  without  undue  delay 
or  expense,  using  for  that  purpose  the  plant  and  materials  above 
mentioned,  in  so  far  as  they  are  suitable  and  adapted  to  such  use. 
Upon  the  completion  of  the  works,  the  Engineer  shall  certify  the 
amount  of  the  expense  properly  incurred  consequent  on  and  incidental 
to  the  default  of  the  Contractor  as  aforesaid,  and  in  completing  the 
works  by  other  persons.  Should  the  amount  thus  certified  as  the  ex- 
penses properly  incurred  be  less  than  the  amount  which  would  have 
been  due  to  the  Contractor  upon  the  completion  of  the  work  by  him, 
the  difference  will  be  paid  to  the  Contractor  by  the  Owner ;  should  the 
amount  of  the  former  exceed  the  latter,  the  difference  shall  be  paid  by 
the  Contractor  to  the  Owner.  The  Owner  will  not  be  liable  to  make 
any  further  payment  or  compensation  to  the  Contractor  for  or  on  ac- 
count of  the  proper  use  of  the  plant  for  the  completion  of  the  works 
under  the  provisions  hereinbefore  contained  other  than  such  payments 
ns  are  included  in  the  contract  price.  After  the  works  shall  have  been 
thus  completed  by  persons  other  than  the  Contractor,  under  the  pro- 
visions hereinbefore  contained,  the  Owner  shall  give  notice  to  the  Con- 
tractor of  such  completion,  and  may  require  him  from  time  to  time, 
before  and  after  completion,  to  remove  his  plant  and  all  such  materials 
as  aforesaid  as  may  not  have  been  used  in  the  completion  of  the  works, 
from  the  site.  If  such  plant  and  materials  are  not  removed  within  a 
reasonable  time  after  notice  shall  have  been  given,  the  Owner  may  re- 
move and  sell  the  same,  holding  the  proceeds,  less  the  cost  of  their  re- 
moval and  sale,  to  the  credit  of  the  Contractor.  Any  notice  to  be 
given  to  the  Contractor  under  this  clause  shall  be  given  by  leaving  the 
same  at  the  place  of  business  of  the  Contractor,  or  by  a  registered  letter 
sent  to  him  at  that  address. 

This  section  conforms  in  substance  to  the  generally  accepted  Amer- 
ican practice,  but  its  wording  is  more  definite,  and  it  leaves  fewer 
loopholes   for  argument  or  controversy. 
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XXVII.—Net  Cost.—ThQ  words,  "Net  Cost,"  or  the  initials,  "N.  C," 
used  in  the  Specifications,  for  materials  to  be  obtained  and  installed 
by  the  Contractor,  shall  mean,  unless  otherwise  stated  in  the  Specifica- 
tions, the  sum  paid  to  merchants,  after  deducting  all  trade  discounts, 
for  such  materials,  in  the  ordinary  course  of  delivery,  but  not  deduct- 
ing discount  for  cash,  and  such  sum  shall  be  exclusive  of  special  cartage, 
the  cost  of  installation,  and  Contractor's  profit. 

XXVIII. — Provisional  Sums. — The  provisional  sums  mentioned  in 
the  Specifications  for  materials  to  be  supplied  or  for  work  to  be  per- 
formed by  special  contractors  or  mechanics,  or  for  other  works  or  fit- 
tings to  the  building,  shall  be  paid  and  expended  at  such  times,  and  in 
such  amounts,  and  to  and  in  favor  of  such  persons,  as  the  Engineer 
shall  direct,  and  sums  thus  expended  shall  be  payable  by  the  Contractor 
without  deduction  or  discount,  or  (without  prejudice  to  any  rights  of 
the  Contractor  existing  under  the  contract  referred  to  in  Section 
XXIX)  by  the  Owner  to  the  said  Contractors  or  mechanics.  The 
value  of  works  which  are  executed  by  the  Contractor  in  respect  of  pro- 
visional sums,  or  in  additional  works,  shall  be  ascertained  as  provided 
by  Section  XVIII.  At  the  settlement  of  accounts  the  amount  paid 
by  the  Contractor  to  the  said  contractors  and  mechanics,  and  the  said 
value  of  such  works  executed  by  the  Contractor,  shall  be  set  against  all 
provisional  sums  or  any  sum  provided  for  additional  works,  and  the 
balance,  after  allowing  pro  rata  for  the  Contractor's  profits  at  the  rate 
of  ....%,  unless  different  rates  are  contained  in  the  Contractor's  orig- 
inal estimate,  shall  be  added  to  or  deducted  from  the  contract  sum, 
provided  that  in  estimating  the  amounts  paid  as  last  herein  provided 
no  deductions  shall  be  made  by  or  on  behalf  of  the  Owner  in  respect  of 
any  damages  paid  by  the  sub-contractor  to  the  Contractor,  the  inten- 
tion being  that  the  Contractor  and  not  the  Owner  shall  have  the  bene- 
fit of  any  such  damages. 

There  are  many  cases  where  important  matters  may  not  be  defi- 
nitely determined  before  the  execution  of  a  contract.  The  practice  in 
many  cases  is  to  insert  a  blanket  clause  giving  almost  unlimited  selec- 
tion to  either  Owner  or  Engineer.  In  such  case  a  Contractor  must 
make  a  shrewd  guess  at  the  amount  to  include  in  his  estimate.  Or 
something  as  nearly  as  possible  to  what  may  be  required  may  be  speci- 
fied, and  afterward  the  problem  is  to  reconcile  the  cost  of  the  work  as 
specified  with  the  work  as  required.  The  idea  of  having  Provisional 
Sums  inserted  in  a  contract  to  cover  matters  not  distinctly  determined, 
is  not  new,  but  the  above  section  may  suggest  a  wording  which  will 
overcome  many  of  the  previous  objections  to  such  Provisional  Sum 
clauses. 
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XXIX. — Sub-Contractors. — All  contractors,  merchants,  mechanics, 
or  others  executing  any  work,  or  supplying  any  materials  for  which 
net  cost  prices  or  provisional  sums  are  included  in  the  Specifications, 
who  may  at  any  time  be  nominated,  selected,  or  approved  by  the  En- 
gineer are  hereby  declared  to  be  sub-contractors  employed  by  the  Con- 
tractor; but  no  sub-contractor  shall  be  employed  upon  the  works 
against  whom  the  Contractor  shall  make  what  the  Engineer  considers 
reasonable  objections,  or  who  shall  not  enter  into  a  contract  with  the 
Contractor  upon  terms  and  conditions  consistent  with  those  in  this 
Contract,  and  securing  the  due  performance  and  maintenance  of  the 
works  supplied  or  executed  by  such  sub-contractors,  and  indemnifying 
the  Contractor  against  any  claims  arising  out  of  the  misuse  by  the 
sub-contractor  or  his  workmen  of  any  scaffold  erected  or  plant  used  by 
the  Contractor,  or  that  may  be  made  against  the  Contractor  in  conse- 
quence of  any  act,  omission,  or  default  of  the  sub-contractor,  his  serv- 
ants or  agents,  and  against  any  liability,  as  given  under  Sections  XIX, 
XXI,  or  XXII. 

This  section  is  intended  to  cover  cases  where  it  becomes  desirable 
to  have  special  Contractors  execute  work  covered  by  Provisional  Sums. 
In  many  cases  particular  types  or  makes  of  articles  cannot  be  obtained 
excepting  from  special  parties.  To  require  a  Contractor  to  employ 
such  parties  and  not  be  relieved  from  responsibility  for  their  actions, 
is  a  difficult  problem.  This  section  will  prevent  a  Contractor,  who  may 
be  under  heavy  penalty  to  complete  his  work,  from  being  compelled  to 
employ  a  particular  Contractor  for  a  sub-branch,  who  may  absolutely 
refuse  to  indemnify  the  Contractor  if  he  fails  to  complete  his  work 
on  contract  time,  or  to  give  a  warrant  for  the  faithful  performance 
of  the  work. 

XXX.— Payment  and  Certificate.— Th^  Engineer  shall  issue  his 
certificates  for  payments  due  the  Contractor  in  accordance  with  the 
terms  of  the  Agreement,  provided,  however,  that  the  Engineer  may 
withhold  only  such  proportion  of  any  sum  due  as  in  his  judgment  will 
cover  the  expense  of  the  liens  as  given  under  Section  XXXI,  or  of 
correcting  such  violation  as  given  in  Section  XIV,  and  such  payments 
shall  not  become  due  until  violations  are  properly  corrected  (subject 
to  Arbitration)  or  the  liens  are  removed  as  hereinafter  provided.  No 
certificate  given  or  payment  made  under  the  contract,  nor  partial  or  en- 
tire occupancy  of  the  building  by  the  Owner,  shall  be  construed  as  an 
acceptance  of  defective  work,  or  of  improper  materials,  or  as  con- 
doning any  omission,  provided,  however,  that  in  the  case  of  a  partial 
or  entire  occupancy  of  the  building  by  the  Owner,  the  Contractor  shall 
have  been  given  notice  of  all  defects  or  omissions  reasonably  noticeable 
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before  such  occupation.  No  certificate,  final  or  otherwise,  shall  be 
construed  as  relieving  the  Contractor  from  his  obligations  to  make  good 
any  defects  discovered  in  his  work  after  the  completion  and  accept- 
ance of  the  same,  nor  as  a  waiver  of  any  specific  obligation  the  Con- 
tractor may  have  assumed  as  to  the  durability  of  his  works.  The  ac- 
ceptance by  the  Contractor  of  the  payment  of  the  final  certificate  shall 
constitute  a  waiver  of  all  claims  against  the  Owner  under  or  arising 
out  of  the  contract.  The  Contractor,  before  each  payment  falls  due, 
shall  submit  to  the  Engineer  a  requisition  therefor  and  shall,  if  re- 
quired, submit  therewith  an  itemized  statement  of  the  quantities  and 
value  of  works  in  general  items  performed  to  date,  and  such  statements 
shall  be  made  in  form  provided  or  approved  by  the  Engineer. 

The  provisions  of  this  section  are  of  great  importance  in  any  con- 
tract. Its  importance  is  in  its  wording,  an'd  not  because  it  contains 
any  new  principle. 

XXXI. — Liens. — If  at  any  time  there  shall  be  evidence  of  any 
lien  or  claim,  for  which,  if  established,  the  Owner  or  the  premises 
might  be  made  liable,  and  which  would  be  chargeable  to  the  Contractor, 
the  Owner  shall  have  the  right  to  retain  out  of  any  payment  then  due, 
or  thereafter  to  become  due,  an  amount  sufficient  to  indemnify  himself 
against  such  lien  or  claim  until  the  same  shall  be  effectually  dis- 
charged, or  bonded;  and  should  there  prove  to  be  any  such  claim  after 
all  payments  are  made,  the  Contractor  shall  refund  to  the  Owner  all 
monies  that  the  latter  may  be  compelled  to  pay  in  discharging  any 
lien  upon  said  premises  made  obligatory  in  consequence  of  the  Con- 
tractor's default.  Before  the  final  payment  shall  become  due,  the 
Contractor  shall  deliver  to  the  Owner  a  satisfactory  release  of  all 
liens  against  the  premises  on  the  part  of  all  persons  who  have  deliv- 
ered materials  for  use  in,  or  performed  work  on,  said  premises,  includ- 
ing a  release  from  the  Contractor  himself. 

XXXII. — Unfixed  Materials. — When  the  Contractor  shall  have  re- 
ceived payment  of  any  certificate  in  which  the  Engineer  shall  have 
stated  that  he  has  taken  into  account  the  value  of  any  unfixed  mate- 
rials intended  for  the  works,  and  placed  by  the  Contractor  thereon,  or 
upon  ground  adjacent  thereto,  all  such  materials  shall  become  the 
property  of  the  Owner,  and  shall  not  be  taken  away,  except  for  the 
purpose  of  being  used  on  the  building,  without  the  written  authority 
of  the  Engineer;  and  the  Contractor  shall  be  liable  for  any  loss  of  or 
damage  to  such  materials. 

XXXIII. — Termination  of  Contract  hy  Contractor. — Should  the 
Owmer  not  pay  the  Contractor  any  sum  certified  by  the  Engineer 
within  the  times  respectively  named  in  the  Agreement,  the  Contractor 
shall  give  to  the  Owner  written  notice  of  the  non-payment,  and  should 
the  Owner  not  pay  any  such  sum  within  the  period  of  ....  days  from 


470  AGREEMENTS   FOR   BUILDING   CONTRACTS 

the  date  of  delivery  of  such  notice  at  the  Owner's  address,  or  sent  to 
him  there  in  the  ordinary  course  of  mail  by  registered  letter,  or  if 
the  Owner  shall  become  bankrupt  or  file  any  petition  for  liquidation  of 
his  affairs,  and  if  his  Receiver  in  Bankruptcy  shall  repudiate  this  con- 
tract, or  if  the  Receiver  shall  be  unable  to  show,  within  ....  days,  to 
the  reasonable  satisfaction  of  the  Contractor,  his  ability  to  carry  out 
the  contract,  and  to  make  all  payments  due  or  to  become  due  thereun- 
der, or  if  the  works  be  stopped  for  ....  months,  under  an  order  of  the 
Engineer  or  any  Court  of  Law,  the  Contractor  shall  be  at  liberty  to 
terminate  the  contract  by  notice  in  writing  to  the  Engineer,  and  to 
recover  from  the  Owner  payment  for  all  work  executed  and  for  any 
loss  he  may  sustain  upon  any  plant  or  material  supplied  or  purchased 
for  the  purpose  of  the  contract.  In  ascertaining  the  amount  of  such 
payment,  the  rates  contained  in  the  Contractor's  original  estimate  shall 
be  followed,  or,  where  the  same  may  not  apply,  rates  proportionate  to 
the  prices  therein  contained,  as  far  as  the  same  are  applicable. 

Few  American  contracts  contain  any  provision  permitting  a  Con- 
tractor to  terminate  a  contract  on  any  condition  whatsoever.  In  fact, 
most  contracts  are  filled  with  clauses  designed  to  bind  a  Contractor 
hand  and  foot  so  that,  no  matter  what  may  happen,  he  is  certain  to 
remain  a  party  to  the  contract.  The  absolute  unfairness  of  many  such 
requirements  is  hard  to  account  for,  except  that  they  have  been  in- 
heritied  from  times  when  work  and  conditions  were  totally  different 
from  those  existing  to-day.  The  fairness  of  Engineers  including 
within  contracts  a  section  similar  to  the  above  should  be  apparent 
from  a  careful  reading  of  the  section. 

XXXIV. — Arbitration. — Provided  always  that  in  case  any  dispute 
or  difference  shall  arise  between  the  Owner,  or  the  Engineer  on  his 
behalf,  and  the  Contractor,  either  during  the  progress  of  the  works 
or  after  the  termination,  abandonment,  or  breach  of  the  contract,  as 
to  the  construction  of  the  contract  or  as  to  any  matter  or  thing  arising 
thereunder  (except  as  to  matters  left  to  the  sole  discretion  of  the 
Engineer  under  Sections  II,  VII,  X,  XIV,  and  the  exercise  by  him, 
under  Section  XIII,  of  the  right  to  have  any  work  opened  up),  or  as  to 
the  withholding  by  the  Engineer  of  any  certificate  to  which  the  Con- 
tractor may  claim  to  be  entitled,  then  either  party  shall  forthwith 
give  to  the  other  notice  of  such  dispute  or  difference,  and  such  dispute 
or  difference  shall  be  and  is  hereby  referred  to  the  arbitration  and 
final  decision  of  three  disinterested  arbitrators,  one  chosen  by  the 
Owner,  one  by  the  Contractor,  and  the  third  chosen  by  these  two  arbi- 
trators. The  decision  of  any  two  of  these  arbitrators  shall  be  final  and 
binding  on  both  parties  hereto.     If  the  parties  hereto  mutually  agree. 
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one  arbitrator  may  be  appointed  in  place  of  the  three  named  as  above, 
and  his  decision  shall  be  final  and  binding  on  both  parties. 

When  the  time  for  submitting  matters  to  arbitration,  as  herein  pro- 
vided, has  arrived,  either  the  Owner  or  the  Contractor  may  appoint 
an  arbitrator  and  demand  the  appointment  of  an  arbitrator  by  the 
other  party.  Should  the  party  filing  notice  of  appeal  to  arbitration  as 
herein  provided  fail  to  choose  an  arbitrator  or  to  agree  on  a  single 
arbitrator  within  seven  days  after  receiving  a  written  request  from 
the  other  party,  his  right  to  arbitration  in  such  matters  shall  lapse; 
should  the  other  party  fail  to  choose  an  arbitrator  or  to  agree  on  a 
single  arbitrator  within  seven  days  after  receiving  a  written  request 
so  to  do,  then  such  dispute  or  difference  shall  be  and  is  hereby  referred 

to  the  arbitration  and  final  decision  of ,  or 

in  the  event  of  his  death,  or  unwillingness  or  inability  to  act,  of 
,  or  in  the  event  of  his  death,  or  un- 
willingness or  inability  to  act,  of  a  person  to  be  appointed  on  the  re- 
quest of  either  party  after  giving  notice  to  the  other  party,  by  the 
President,  for  the  time  being,  of  the  American  Institute  of  Architects 
or  of  the  American  Society  of  Civil  Engineers,  and  the  award  of  such 
arbitrator  shall  be  final  and  binding  on  both  parties. 

Such  reference,  except  on  the  question  of  certificate,  shall  not  be 
opened  up  until  after  the  completion  or  alleged  completion  of  the 
works,  unless  with  the  written  consent  of  the  Owner  or  Engineer  and 
the  Contractor.  The  arbitrator,  or  arbitrators,  shall  have  power  to 
open  up,  review,  and  revise  any  certificate,  opinion,  decision,  requisi- 
tion, or  notice,  save  in  regard  to  the  said  matters  expressly  excepted 
above,  and  to  determine  all  matters  in  dispute  which  shall  be  submitted 
to  him  or  them,  and  of  which  notice  shall  have  been  given  as  afore- 
said, in  the  same  manner  as  if  no  such  certificate,  opinion,  decision, 
requisition,  or  notice  had  been  given.  Should  either  party  refuse,  or 
neglect,  to  supply  the  arbitrator  or  arbitrators  with  any  papers  or  in- 
formation considered  necessary  by  him  or  them  to  arrive  at  a  decision 
in  the  matters  referred  to  him  or  them,  which  papers  or  information 
have  been  specifically  demanded  in  writing,  he  or  they  are  hereby 
authorized  and  empowered  by  both  parties  to  the  contract  to  proceed 
in  ex  parte  proceedings,  and  such  proceedings  shall  be  final  and  binding. 

Upon  every  or  any  such  reference,  the  costs  of  and  incidental  to 
the  reference  and  award,  respectively,  shall  be  in  the  discretion  of 
the  arbitrator  or  arbitrators,  who  may  determine  the  amount  thereof,  or 
direct  the  same  to  be  taxed  as  between  attorney  and  client,  or  as  be- 
tween party  and  party,  and  shall  direct  by  whom  and  to  whom  and  in 
what  manner  the  same  shall  be  borne  and  paid. 

This  section  caused  more  debate  among  the  members  of  the  Eoyal 
Institute  of   British   Architects  and  more  differences   of  opinion  be- 
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tween  the  British  Architects  and  Builders  than  all  the  other  sections 
combined.  The  discussion  on  this  subject,  in  the  Journal  of  the  Royal 
Institute  of  British  Architects,  is  especially  worthy  of  study. 

The  importance  of  this  section  justifies  the  most  careful  study 
which  can  be  given  to  it.  Around  it  would  center  the  much  discussed 
authority  of  the  Engineer  or  Architect  to  settle  all  matters  of  every 
kind  and  description.  Everyone  who  has  exercised  such  powers  must 
realize  that  while  they  are  theoretically  desirable,  their  proper  curtail- 
ment would  unravel  a  very  difficult  situation,  and  would  permit  ques- 
tions being  considered  in  a  more  equitable  light  for  all  parties. 

The  usual  American  arbitration  clause  is  a  delusion  and  a  snare 
to  all  parties.  Many  have  felt  that  it  was  a  guaranty  of  redress  for 
possible  wrongs,  only  to  be  awakened  when  its  provisions  were  called 
into  action. 

It  should  be  noted,  of  course,  that  the  English  "Arbitration  Act, 
1889,"  is  a  very  practical  document,  and  probably  gives  more  legal  se- 
curity to  the  enforcement  of  arbitration  clauses  than  would  be  pos- 
sible under  the  laws  of  most  of  the  States.  Arbitration  clauses  are 
used  in  many  contracts,  and  they  should  be  made  as  practical  and 
workable  as  possible;  then,  if  it  is  found  that  even  under  the  most 
practical  of  clauses  the  State  laws  need  strengthening  to  make  the  term 
"arbitration"  a  reality  and  not  a  myth,  there  would  be  a  good  founda- 
tion on  which  to  advocate  an  arbitration  act  similar  to  the  English 
statute. 

The  above  section  leaves  the  Engineer  as  the  deciding  party  be- 
tween both  •  Owner  and  Contractor,  but  should  either  party  formally 
dissent  from  his  decision,  a  notice  can  be  given  of  an  appeal  to  arbi- 
tration. Such  appeals,  however,  will  not  be  actually  submitted  to  the 
arbitrators  until  the  substantial  completion  of  the  work.  This  seemed 
to  be  the  point  of  greatest  disagreement  between  the  British  Architects 
and  Builders.  The  former  indorsed  the  above  procedure,  while  the 
Builders  desired  the  matters  to  be  submitted  to  arbitrators  at  any  time. 
The  objection  to  permitting  submissions  at  any  time  is  that,  under  the 
broad  powers  which  it  is  desirable  to  grant  to  arbitrators,  it  would 
cause  confusion  during  construction,  and  make  it  possible  to  confuse 
hopelessly  the  power  of  the  Engineer  and  the  arbitrator.  After  the 
substantial  completion  of  the  work,  such  conflict  cannot  well  arise.  The 
Engineer  being  supreme  during  construction  and  after  completion,  the 
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arbitrator  has  power  to  review  only  certain  of  the  Engineer's  decisions 
to  which  written  exception  has  been  taken,  as  herein  provided.  Of 
course,  in  the  matters  which  are  referred  to  arbitration,  the  decision 
of  such  arbitration  is  final.  Such  a  policy,  by  its  very  broadness, 
would  tend  to  make  Owners,  Engineers,  and  Contractors  more  willing 
to  listen  and  consider  the  grievances,  real  or  imaginary,  of  the  other 
parties. 

Section  XXXV  is  intended  to  dissuade  both  parties  from  taking 
unnecessary  or  trivial  appeals  from  an  Engineer's  decision. 

While  the  foundation  of  the  arbitration  section  is  laid  on  the  lines 
of  that  of  the  Royal  Institute  of  British  Architects,  it  differs  in  many 
details,  and  its  importance  justifies  giving  the  R.  I.  B.  A.  section  in 
full,  for  purposes  of  comparison. 

Arbitration  Section  of  Royal  Institute  of  British  Architects. 

"32. — Provided  always  that  in  case  any  dispute  or  difference  shall 
arise  between  the  Employer  or  the  Architect  on  his  behalf  and  the 
Contractor,  either  during  the  progress  of  the  works  or  after  the  deter- 
mination, abandonment,  or  breach  of  the  Contract,  as  to  the  con- 
struction of  the  Contract  or  as  to  any  matter  or  thing  arising  there- 
under (except  as  to  the  matters  left  to  the  sole  discretion  of  the 
Architect  under  Clauses  4,  9,  16,  and  19,  and  the  exercise  by  him 
under  Clause  18  of  the  right  to  have  any  work  opened  up),  or  as  to 
the  withholding  by  the  Architect  of  any  certificate  to  which  the  Con- 
tractor may  claim  to  be  entitled,  then  either  party  shall  forthwith 
give  to  the  other  notice  of  such  dispute  or  difference,  and  such  dispute 
or  difference  shall  be  and  is  hereby  referred  to  the  arbitration  and 

final  decision  of ,  or,  in  the  event  of  his  death 

or  unwillingness  or  inability  to  act,  of ,  or,  m 

the  event  of  his  death  or  unwillingness  or  inability  to  act,  of  a  per- 
son to  be  appointed  on  the  request  of  either  party  by  the  President  for 
the  time  being  of  the  Royal  Institute  of  British  Architects,  and  the 
award  of  such  Arbitrator  shall  be  final  and  binding  on  the  parties. 
Such  reference,  except  on  the  question  of  certificate,  shall  not  be 
opened  until  after  the  completion  or  alleged  completion  of  the  works, 
unless  with  the  written  consent  of  the  Employer  or  Architect  and 
the  Contractor.  The  Arbitrator  shall  have  power  to  open  up,  review, 
and  revise  any  certificate,  opinion,  decision,  requisition,  or  notice, 
save  in  regard  to  the  said  matters  expressly  excepted  above,  and  to 
determine  all  matters  in  dispute  which  shall  be  submitted  to  him,  and 
of  which  notice  shall  have  been  given  as  aforesaid,  in  the  same  manner 
as  if  no  such  certificate,  opinion,  decision,  requisition,  or  notice  had 
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been  given.  Upon  every  or  any  such  reference  the  costs  of  and  inci- 
dental to  the  reference  and  award,  respectively,  shall  be  in  the  discre- 
tion of  the  Arbitrator,  who  may  determine  the  amount  thereof,  or  di- 
rect the  same  to  be  taxed  as  between  solicitor  and  client  or  as  between 
party  and  party,  and  shall  direct  by  whom  and  to  whom  and  in  what 
manner  the  same  shall  be  borne  and  paid.  This  submission  shall  be 
deemed  to  be  a  submission  to  arbitration  within  the  meaning  of  the 
Arbitration  Act,  1889." 

XXXV. — Damages  for  Submission  to  Arhitration. — In  submitting 
to  arbitration  questions  in  dispute,  or  differences  involving  a  variation 
in  the  amount  of  the  contract,  both  the  Owner  and  the  Contractor  shall 
have  the  option  of  submitting  their  appeals  in  separate  items  or  groups 
of  items.  In  which  case  the  arbitrators  or  arbitrator,  in  awarding  a 
judgment  on  each  item  or  group  of  items,  are  authorized  and  directed 
by  both  parties  to  the  contract,  to  award  to  the  party  whose  contention 
is  sustained,  in  addition  to  the  sum  actually  determined  as  correct,  an 

amount  equal  to %  of  such  amount.     Such  additional  sum 

shall  be  added  to  or  deducted  from  the  amounts  in  question  as  the  case 
may  require.  Should  a  claim  be  set  aside  in  whole,  or  should  the 
nature  of  the  case  otherwise  require  it,  the  amount  of  such  additional 
award  shall  be  added  to  or  deducted  from  the  amount  due  the  Con- 
tractor on  the  contract.  These  additional  sums  shall  be  considered  as 
damages  for  the  time  and  trouble  incident  to  such  appeal. 

The  object  of  this  section  is  to  act  as  a  check  to  prevent  appeals  to 
arbitration  becoming  the  fashion  rather  than  the  exception.  While  the 
principle  of  this  section  is  considered  good,  the  ability  to  enforce  it  is 
not  settled  in  the  writer's  mind. 

General  Conditions. 

The .  endeavor  has  been  to  make  the  Agreement  and  Schedule  of 
Conditions  of  Contract  as  broad  and  general  as  is  consistent  with 
good  practice.  There  are  additional  conditions  which  may  be  desirable 
or  essential  for  particular  buildings,  but  as  these  conditions  are  special 
and  of  only  limited,  if  not  personal,  application,  it  is  unwise  to  attempt 
to  write  such  in  a  general  set  of  Conditions  of  Contract. 

Legally,  such  conditions  would  be  just  as  binding  upon  a  Con- 
tractor whether  they  were  given  as  a  part  of  the  Agreement  or  were 
placed  in  the  Specifications.  The  writer,  therefore,  advocates  placing 
in  the  fore  part  of  a  Specification  a  chapter  headed  "General  Condi- 
tions," under  which  would  be  placed  special  requirements  of  a  more 
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or  less  legal  and  general  nature,  which,  for  the  purpose  of  the  particu- 
lar building,  might  have  been  made  a  part  of  the  Schedule  of  Condi- 
tions of  Contract. 

The  following  are  given  as  samples  of  clauses  which  might  be 
found  under  a  heading  "General  Conditions."  It  must  be  distinctly 
understood  that  these  clauses  are  given  only  as  samples,  without 
comment.  The  writer  does  not  endorse  them  for  general  use,  and, 
except  in  isolated  cases,  he  considers  that  many  of  the  provisions  might 
be  more  harmful  than  beneficial. 

ChecJcing  Documents. — The  Contractor  shall  carefully  study  and 
compare  all  drawings,  specifications,  and  other  information  given  to 
him  by  the  Engineer,  both  as  to  figures,  materials,  and  methods  of  con- 
struction, and  shall  report  in  writing  to  the  Engineer  for  rectification 
any  error,  inconsistency,  or  omission  therein,  which  he  shall  discover, 
or  any  modification  he  considers  necessary  or  desirable  for  the  stability 
or  economical  construction  of  the  building. 

Doing  Worh  in  Freezing  Weather. — Work  shall  not  be  done  when 
the  temperature  where  work  is  being  done  is  below  28  degrees  Fahr., 
or  if  exposed  to  rains,  except  by  special  permission  of  the  Engineer. 
Frozen  materials  shall  not  be  built  upon. 

Engineer  s  Approval. — All  materials  or  work  specified  to  be  of 
an  "approved"  type,  construction,  or  finish,  shall  be  submitted  to  and 
approved  by  the  Engineer  before  being  used  or  executed.  Where 
materials,  quality,  or  finish  are  not  distinctly  specified,  samples  shall 
be  submitted  to  and  approved  by  the  Engineer  before  using  same.  An 
approval  by  the  Engineer  shall  be  understood  to  mean  that  it  is  condi- 
tional upon  the  work  being  in  conformity  with  the  contract  require- 
ments. No  approval  of  deviation  from  contract  requirements  shall  be 
implied,  but  shall  be  specifically  mentioned  in  the  Engineer's  written 
approval.     (See  Section  IV,  Schedule  of  Conditions  of  Contract.) 

Materials  and  Worlcmanship. — All  materials  shall  be  new,  and  all 
materials  and  workmanship  shall  be  the  best  of  the  respective  kinds 
contemplated  by  the  contract,  unless  otherwise  specified. 

Contemplated  WorJc. — The  work  to  be  executed  under  the  contract 
consists  in  general  of  a  ' ,  constructed  and  com- 
pletely finished  in  every  particular  ready  for  furnishing,  within  the 
limits  shown  on  the  Drawings  and  described  in  the  Specifications, 
except  (a)  elevators,  (h)  lighting  fixtures,  (c)  electrical,  (d)  heating 
work,  (e)  or  work  specifically  excepted  or  made  subject  for  separate 
bids. 

Contract  Documents. — (See  Agreement,  Article  I.) 

Definitions. — The  following  definitions  of  works,  terms,  etc.,  shall 
be  understood  to  govern  their  use  throughout  the  Contract: 
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Approved. — The  word  "approved,"  as  applied  to  any  material, 
manner  or  mode  of  construction,  shall  be  construed  as  though 
followed  by  the  words  "by  the  Engineer." 

Best. — The  term  "best,"  or  "best  quality,"  shall  be  taken  to 
mean  that  there  is  no  better  quality  or  finish  of  material  of  the 
grade  specified  or  reasonably  implied,  obtainable  on  the  market 
supplying  the  vicinity,  or  that  there  is  no  better  class  of  work 
mentioned,  reasonably  obtainable. 

Net  Cost. — (See  Conditions  of  Contract,  Section  XXVII.) 

Provide,  Etc. — For  the  sake  of  brevity,  and  to  avoid  needless 
repetition,  the  imperative  mood  has  been  largely  used  throughout 
the  specification.  Wherever  it  is  used  it  shall  be  understood  to 
mean,  "The  Contractor  shall  furnish  all  material  and  perform  all 

labor  necessary  to   ,"  and  these  words  shall 

be  read  into  the  sentence. 

Provisional  Amount. — (See  Conditions  of  Contract,  Section 
XXVIII.) 

Drawings. — The  Contractor  shall  furnish  to  the  Engineer  at  proper 
times  all  shop  and  setting  drawings  or  diagrams  which  the  Engineer 
shall  deem  necessary  to  carry  out  the  work.  Each  drawing  or  dia- 
gram shall  give  all  the  information  required  by  the  nature  of  work 
which  it  is  intended  to  govern.  These  drawings  or  diagrams  shall  con- 
form strictly  to  the  Engineer's  drawings  and  specifications,  and  where 
possible  upon  measurements  taken  from  existing  work.  No  deviation 
from  the  Engineer's  drawings  and  specifications  shall  be  made  unless 
by  special  written  order.  The  Engineer  will  inspect  such  drawings, 
but  his  purpose  being  to  aid  the  Contractor  and  expedite  the  work,  he 
shall  not  be  held  responsible  for  the  Contractor's  errors,  the  result  of 
which,  should  they  occur,  must  be  made  good  at  the  Contractor's  ex- 
pense. The  Contractor  shall  make  required  changes  in  such  drawings 
or  diagrams  and  supply  the  Engineer  with  one  correct  copy.  Any 
models  or  templates  submitted  shall  be  changed  as  reasonably  required 
until  satisfactory. 

Fires,  Smoking,  Etc. — The  Contractor  shall  not  permit  open  fires 
to  be  lighted  at  any  time  in  or  dangerously  near  the  building,  and, 
after  the  roof  is  on,  shall  prohibit  smoking  within  the  building. 

Imperfect  Construction. — The  Contractor  shall  notify  the  Engineer 
in  writing  if  at  any  time  he  finds  that  any  work  or  material  that  has 
or  is  being  furnished  by  another  Contractor  in  connection  with  his 
work  is  imperfect;  and  in  case  of  his  failure  to  give  such  notice,  the 
Contractor  shall  be  held  to  have  accepted  such  work  or  materials,  and 
all  other  existing  conditions,  and  shall  be  responsible  for  any  defects 
in  his  own  work  consequent  thereon,  or  any  change  to  his  work  made 
necessary  by  the  future  correcting  of  such  defective  work  by  other 
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Contractors,  and  shall  not  be  relieved  of  the  obligation  of  any  warranty 
because  of  any  such  condition  or  imperfection. 

Imperfect  Design. — The  Contractor  shall  notify  the  Engineer  in 
writing  if  he  thinks  any  part  of  the  work  as  designed  or  constructed  is 
unsafe  or  likely  to  become  so,  or  unsuited  to  produce  the  intended 
results,  and  shall  thereafter  proceed  with  such  work  only  on  order  from 
the  Engineer. 

Lines  and  Levels. — The  Contractor  shall  establish  all  lines  and  levels 
necessary  to  the  proper  locating,  laying  out,  and  erecting  of  the  work, 
in  accordance  with  the  Owner's  survey  and  Engineer's  drawings,  and 
shall  be  responsible  for  their  accuracy  and  maintenance.  (See  Schedule 
of  Conditions  of  Contract,  Section  V.) 

After  the  foundations  have  been  completed  and  before  the  first  tier 
of  beams  is  set,  the  Contractor  shall  file  with  the  Engineer  a  certificate 
from  an  approved  surveyor  showing  that  the  building  is  located  cor- 
rectly according  to  the  Owner's  survey,  and  that  the  foundations, 
column  bases,  etc.,  are  correct  according  to  the  drawings. 

Measuring  Work  in  Place. — The  Contractor  shall  measure  work 
already  in  place  to  insure  the  proper  execution  of  subsequent  work,  or 
to  assist  the  Engineer  in  making  his  drawings,  and  should  any  dis- 
crepancy between  the  executed  work  and  the  drawings  be  discovered, 
he  shall  report  at  once  such  discrepancy  to  the  Engineer. 

Notifying  Engineer. — The  Contractor  shall  bring  to  the  attention 
of  the  Engineer  any  conditions  pertaining  to  the  site,  the  soil,  the 
various  portions  of  the  work,  whether  executed  by  himself  or  by  other 
Contractors,  or  to  proposed  work,  or  to  laws  and  ordinances  governing 
the  work  that  should  be  known  by  the  Engineer. 

Overloading  Structure. — The  Contractor  shall  not  permit  any  part 
of  the  structure  to  be  loaded  during  construction  with  a  weight  greater 
than  it  is  calculated  to  bear. 

Reports  to  Engineer. — ^The  Contractor  shall  furnish  reports  to  the 
Engineer  showing  the  status  of  the  work  at  the  building  and  in  the 
shops,  whenever  so  required,  and  in  the  manner  directed. 

Signs. — The  Contractor  shall  not  permit  signs  upon  the  building 
or  premises,  other  than  that  of  the  General  Contractor,  except  by  the 
written  permission  of  the  Engineer. 

Storage  Limits. — The  Contractor  shall  confine  the  storage  of 
materials  and  the  operations  of  his  workmen  to  the  reasonable  limits 
indicated  by  the  Owner  or  Engineer,  and  shall  not  unnecessarily 
encumber  the  premises  with  his  materials. 
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DIS  CUSSION 


Mr.  Norman  E.  McLure,  Assoc.  M.  Am.  Soc.  C.  E.   (by  letter). — In 

^  ^^^'  preparing  estimates  and  bids  on  engineering  work,  chiefly  in  connection 
with  the  structural  steel  business,  the  writer  has  been  continually  con- 
fronted with  the  so-called  "blanket  clauses"  in  contracts  and  specifica- 
tions. At  first  they  were  the  cause  of  much  anxiety,  on  account  of  the 
confusion  and  the  uncertain  element  which  they  introduced,  but  later 
experience  has  proven  them  almost  invariably  an  indication  of  ignor- 
ance or  lack  of  understanding  on  the  part  of  the  engineer  or  architect 
responsible  for  their  preparation. 

In  its  most  familiar  form,  such  a  clause  follows  an  apparently 
mighty  effort  to  cover  everything  with  a  statement  that,  if  anything 
has  been  omitted  from  the  plans  or  specifications  which  may  be  neces- 
sary "to  make  a  complete  and  satisfactory  job,"  or  "to  complete  the 
work  to  the  satisfaction  of  the  architects,"  it  is  to  be  included  in  the  bid, 
and  constitute  part  of  the  contract ;  or,  in  other  words,  the  writer  of  the 
specification  practically  says,  "If  I  have  omitted  anything  that  I 
should  have  included,  you  (the  contractor)  must  accept  the  responsi- 
bility for  it."  In  addition  to  his  business  as  a  contractor,  a  bidder 
must  also  be  a  mind  reader,  or  else  practically  start  at  the  beginning 
and  design  the  whole  work,  in  order  to  ascertain  whether  the  plans  and 
data  on  which  he  is  asked  to  bid,  are  complete. 

It  is  obviously  so  unfair  to  solicit  lump-sum  bids  on  work  not  shown 
or  specified,  that  instead  of  attempting  to  solve  the  riddle  of  what  is 
really  wanted,  in  cases  of  this  sort,  the  writer  now  simply  prepares 
his  bid  on  the  work  clearly  shown  and  specified,  and  states  distinctly 
in  the  proposal,  what  is  and  what  is  not  included.  The  basis  for 
comparison  of  lump-sum  bids  prepared  in  this  way,  is,  of  course, 
unsatisfactory. 

Architects  seem  to  be  the  chief  offenders,  and,  in  the  writer's 
experience,  it  is  quite  unusual  to  pick  up  a  set  of  building  plans  and 
specifications  prepared  by  an  architect,  and  be  able  to  discover,  with- 
out much  inquiry  and  investigation,  just  what  is  wanted.  Engineers, 
apparently,  are  more  careful,  and  make  some  effort  to  decide  in  their 
own  minds  just  what  they  want  before  attempting  to  put  it  on  paper. 
There  is,  however,  infinite  room  for  improvement  in  specification 
writing  from  the  contractor's  viewpoint;  and  as  every  structure  has 
sufficient  individuality  to  make  it  worthy  of  independent  treatment, 
just  so  should  every  specification  receive,  in  preparation,  the  intelligent 
thought  of  one  who  understands  thoroughly  the  structure  it  describes. 

"Standard"  specifications,  while  useful,  and  almost  indispensable 
as  guides,  should  be  used  in  that  capacity  only,  and  the  representative 
contract  clauses  given  by  the  author  should  prove,  in  that  way,  of  great 
value  in  preparing  any  ordinary  building  contract. 
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William  V.  Polleys,  M.  Am.  Soc.  C.  E,  (by  letter).— The  writer  Mr. 
respectfully  begs  to  take  most  decided  exception  to  Mr.  Bamford's 
statement  that  the  lump-sum  system  of  contracting  is  theoretically 
or  practically  the  best,  even  in  straight  building  operations  where  no 
unusual  complications  occur,  and,  further,  he  ventures  the  opinion 
that  there  are  comparatively  few  building  operations  (of  sufficient 
importance  to  justify  a  discussion  before  this  Society)  in  which  un- 
foreseen complications  to  a  greater  or  less  extent  do  not  arise. 

With  regard  to  Mr.  Bamford's  statement  that  the  expense  of  work 
done  by  reputable  "cost  plus'^  contractors  generally  exceeds  the  cost 
under  a  lump-sum  agreement  covering  identical  work,  because  the 
owner  is  ill-advised  or  because  the  contractor,  being  sure  of  his  profit, 
grows  lax,  or  from  any  other  cause,  the  writer  desires  to  state  that 
such  has  not  been  his  experience,  nor  does  he  believe  that  such  a  state- 
ment is  borne  out  by  facts,  nor  by  the  experience  of  most  men  who 
have  had  intimate  connection  with  both  methods  of  work. 

Getting  ready  for  bids  for  lump-sum  work  is,  in  itself,  a  tedious 
and  expensive  operation,  plans  and  specifications  must  be  prepared 
providing  for  all  contingencies  which  can  be  foreseen,  but  the  usual 
result  is  that  something  has  been  overlooked  or  that  the  unexpected 
has  happened. 

Generally  speaking,  in  the  larger  and  more  intelligently  handled 
building  operations,  weight  is  given,  in  selecting  the  list  of  competi- 
tors, to  their  financial  standing  and  to  their  reputation  for  experience 
and  ability,  but  the  competitors,  nevertheless,  are  asked  to  gamble  on 
the  price  of  labor,  material,  on  the  state  of  the  weather,  on  the  state 
of  mind  of  the  person  in  charge,  and  on  countless  other  matters  en- 
tirely beyond  their  control,  for  a  period  of  months,  or  possibly  years, 
in  advance. 

The  multitudinous  clauses  of  the  modern  contract  are  to  insure 
against  human  nature  asserting  itself  if  things  go  wrong.  If  things 
go  as  expected,  or  better,  the  builder,  remembering  that  money  is  a 
good  thing  anyway,  that  his  next  bet  may  not  be  so  fortunate,  and 
that  the  owner,  in  endeavoring  to  tie  him  up,  evidently  expects  him 
to  untie  himself  if  he  can,  proceeds  to  make  every  dollar  possible  un- 
der the  circumstances,  influenced,  of  course,  by  the  desire  to  retain  a 
good  reputation,  if  it  is  not  too  expensive. 

As  long  as  the  interests  of  owners  and  builders  are  thus  diametri 
cally  opposed,  the  result  is  quite  likely  to  be  injurious  to  the  opera- 
tion in   question,   and,  until  human  nature  is  greatly   changed,   will 
continue  to  be  so,  in  spite  of  all  the  legal  acumen  that  may  be  in- 
jected into  a  contract. 

In  the  writer's  opinion,  the  only  remedy  is  to  unite  these  clash- 
ing interests  by  some  form  of  a  "cost  plus"  contract.     Under  this  ar- 
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Mr.      rangement  the   interests   of  the  owner  and  the  builder  are   identical 
PoUeys-         J.  .,  , 

as  lar  as  possible. 

The  owner  has  merely  to  select  some  such  contractor  of  known 
skill  and  reputation,  tell  him  what  he  wants,  ascertain  the  probable 
cost,  with  due  allowance  for  unforeseen  contingencies,  and,  if  this  is 
satisfactory,  order  the  work  to  proceed. 

He  will  get  just  what  he  orders  and  pays  for,  and  will  get  it  as 
cheaply,  as  quickly,  and  done  as  skillfully,  as  it  can  be  obtained  by 
any  contract;  not  because  the  "cost  plus"  contractor  is  cast  in  a  dif- 
ferent n:ould  from  his  "lump-sum"  brother,  but  because  his  whole 
stock  in  trade  is  his  reputation,  and  because  his  interests  and  those 
of  the  owners  have  become  identical. 

His  employees  are  as  skillful  as  any,  have  every  incentive  to  do 
just  the  class  of  work  that  the  owner  wants,  and  to  do  it  as  cheaply 
as  it  can  be  done. 

H  the  employee  of  a  "lump-sum"  contractor  is  careless  or  makes 
a  mistake,  it  means  the  loss  of  a  comparatively  small  sum  of  money, 
which  is  not  of  very  great  consequence;  but,  in  the  case  of  the  "cost 
plus"  contractor,  it  means  a  blow  at  his  reputation  which  endangers 
his  entire  capital. 

Dealing  with  reputable  contractors  who  make  a  specialty  of  "cost 
plus"  work,  it  makes  no  practical  difference  whether  the  "plus"  be  a 
percentage  or  a  lump  sum.  Any  difference  in  profit  is  too  small  to 
overcome  in  the  slightest  degree  the  overwhelming  necessity  on  the 
part  of  the  contractor  to  maintain  an  unblemished  reputation. 

The  simpler  the  contract  the  better,  any  attempt  to  penalize  or 
augment  what  should  be  but  a  fair  compensation  in  the  first  place, 
by  reason  of  variations  from  the  estimate  of  cost  or  time,  merely 
tends  to  divide  the  interests  and  invite  the  attendant  evils. 

There  are  so  many  other  advantages  attending  the  "cost  plus" 
method  of  building  that  to  emphasize  them  as  they  deserve  exceeds 
the  length  intended  for  these  remarks.  Among  them,  however,  there 
are:  the  expert  advice  available,  both  technical  and  business;  elimina- 
tion of  pooling;  the  saving  of  time,  in  that  work  may  be  started  as 
soon  as  a  general  plan  has  been  formulated,  leaving  details  to  be 
worked  out  during  progress;  the  fact  that  work  may  be  advanced, 
retarded,  suspended,  or  even  abandoned,  as  exigencies  may  demand; 
plans  may  be  changed;  quantities  may  be  increased  or  diminished; 
and  all  without  that  formidable  bill  of  extras  and  damages,  which  is 
the  "right  bower"  of  the  lump-sum  contractor,  and  a  disastrous  weight 
to   many  owners. 

It  has  been  truly  said  that  the  bulwark  of  a  contract  is  mutual 
confidence,  and  it  may  be  added  that  the  bulwark  of  mutual  con- 
fidence is  mutual  interests. 
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Charles  H.  Higgins,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — Mr.  Mr. 
Bamford's  able  paper  opens  first  of  all  the  question  of  the  desirability 
of  a  uniform  contract,  a  subject  which  the  American  Institute  of  Archi- 
tects has  attempted  in  what  is  called  the  "Uniform  Contract,"  but 
which,  as  far  as  the  writer  knows,  has  not  been  met  by  engineers, 
through  this  Society  or  otherwise,  except  in  railroad  contracts  which 
agree  in  their  general  characteristics.  Fairness  is  not  the  most  strik- 
ing feature  of  the  latter,  and  they  are  not  well  adapted  to  the  use  of 
the  consulting  engineer  in  general  practice,  to  which  class,  together 
with  architects,  the  word,  "Engineer,"  in  Mr.  Bamford's  paper,  seems 
to  refer. 

It  may  be  accepted  as  axiomatic  that  "unfair  contracts  breed  un- 
fair contractors" — a  case  of  the  survival  of  the  fittest. 

It  is  desirable  for  all  parties — the  owner,  the  contractor,  and  the 
engineer — that  the  contract  be  fair,  that  contracting  may  be  a  business 
in  the  hands  of  responsible  men  rather  than  a  game  for  gamblers. 

Uniformity  in  the  general  clauses  has  a  great  advantage  in  itself, 
most  directly  to  the  contractor,  but,  through  him,  to  all  concerned. 
Imagine  each  engineer  with  a  pet  form  of  contract,  all  equally  good, 
but  differing  in  degree  of  responsibility,  which  necessarily  affects  the 
cost — an  effect  which  may  not  be  large  relative  to  the  total  cost  of 
the  work,  but  is  very  large  relative  to  the  profit  of  the  general  con- 
tractor. This  means  that,  in  bidding  on  each  piece  of  work,  the  con- 
tractor must  study,  not  only  the  proposed  construction  in  which  he  is 
an  expert,  but  also  the  legal  requirements,  thus  adding  materially  to 
the  time  and  cost  of  making  a  proposal  and  reducing  the  num.ber  of 
close  bidders.  Of  course,  uniformity  can  be  carried  to  the  point  of 
absurdity.  A  certain  printed  form  of  contract,  recently  signed,  re- 
quired the  contractor  to  deliver  a  full-sized  sample  of  each  of  the 
materials  entering  into  the  work  at  the  architect's  ofiice  before  com- 
mencing operations.  The  "office"  was  a  modern  New  York  affair, 
well  up  in  the  air,  and  the  contract  was  for  driving  50-ft.  piles. 
Here,  clearly,  the  written  words  did  not  convey  the  intent  of  the 
contracting  parties.  There  was  not  a  "meeting  of  the  minds,"  which 
constitutes  a  contract;  and  here  is  an  advantage  of  certain  general 
clauses  in  common  use,  which  is  what  Mr.  Bamford  aims  at.  These 
clauses,  of  course,  must  conform  with  the  law,  and  might  differ 
slightly  for  use  in  different  States;  but,  in  the  main,  if  such  a  uni- 
form contract  met  with  general  acceptance,  this  fact  and  the  usual 
manner  of  interpreting  the  clauses  would  be  presumptive  evidence 
of  the  intent,  and  thus  influence  the  decisions  of  the  courts,  and  fur- 
ther strengthen  such  a  form  of  contract.  A  judge — and  how  much 
more  so  a  jury — must  be  puzzled  as  to  the  intent  when  technical  ques- 
tions are  involved  and  the  parties  to  the  contract  cannot  agree  as  to 
the  meaning. 
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3ir.  Of  course,  the  defence  of  such  a  form  of  contract  as  is  used  by 

iggiiis.  jj-^gj^y  railroad  companies,  drawn  as  it  is  almost  wholly  in  the  interest 
of  one  side,  is  that  if  the  case  gets  before  a  jury,  the  talesmen's  sym- 
pathies will  be  all  on  the  side  of  the  contractor  as  against  the  cor- 
poration, and,  therefore,  every  effort  must  be  made  to  keep  it  from  a 
jury;  but,  if  this  be  valid  reasoning  in  the  case  of  a  railroad  with  a 
coterie  of  more  or  less  dependent  contractors,  all  familiar  with  the 
requirements  and,  what  is  more  important,  with  the  way  the  require- 
ments are  exacted,  it  does  not  by  any  means  hold  in  the  case  of  gen- 
eral building  contracts  carried  out  under  an  engineer. 

''Article  I. — The  Contractor  agrees  to  provide  all  materials  and 
perform  all  the  work  for  the     -s^-     -^^     */' 

The  writer  would  suggest  adding  in  the  forego-ing,  after  the  word 
"work,"  "and  deliver  complete,"  thus  making  the  contract  for  a  com- 
pleted structure  rather  than  for  the  furnishing  of  materials  and  labor. 
Decisions  of  the  courts  would  seem  to  indicate  the  wisdom  of  this. 

Perhaps  first  in  importance  is  the  arbitration  clause,  with  all  its 
legal  pitfalls,  and  the  possible  requirement  for  better  legislation  which 
Mr.  Bamford  refers  to,  and  which  Wait  treats  so  fully  in  his  "En- 
gineering and  Architectural  Jurisprudence,"  for  this  fixes  the  re- 
sponsibility of  the  engineer,  whether  his  decision  is  to  be  supreme 
until  the  matter  is  taken  before  the  courts,  or  whether  he  can  say, 
"This,  gentlemen,  is  my  decision ;  if  either  of  you  feels  aggrieved,  you 
have  the  privilege  of  calling  in  arbitrators."  This  would  seem  to  be 
the  strongest  position  for  the  engineer,  for  the  owner  is  not  always 
inclined  to  follow  the  advice  of  his  engineer,  and  is  often  unfair  be- 
cause he  is  not  thoroughly  acquainted  with  the  subject.  The  fact, 
stated  by  J.  A.  L.  Waddell,  M.  Am.  Soc.  C.  E.,  in  "Specifications  and 
Contracts",  that  "the  law  has  decided  that  the  losing  party  has  still 
a  right  to  appeal  to  the  courts",  should  not  be  lost  sight  of.  The 
courts  seem  to  be  jealous  of  their  privileges  in  these  matters. 

Liquidated  Damages. — This  clause  is  a  "thorn  in  the  flesh"  to  a 
contractor,  and  yet  it  is  often  of  the  utmost  importance  to  the  owner 
that  he  shall  know  beforehand  when  he  will  receive  the  completed 
structure.  The  law  will  not  allow  a  penalty,  but  will  grant  damages 
caused  by  delay.  To  the  writer  it  seems  wisest  to  state  that  time  of 
completion  is  a  consideration,  and  have  the  bidder  name  a  time  with 
his  price.  Then,  before  the  contract  is  signed,  have  the  owner  and 
the  contractor  agree  as  to  the  amount  per  diem  which  the  damage  to 
the  owner  will  amount  to,  in  case  of  delay  by  the  contractor.  This 
should  be  written  into  the  contract,  with  provision  for  retaining  the 
sum  from  monies  due. 

Drawings, — Under  this  head  it  would  seem  well  to  provide  a  time, 
say  one  week,  which  would  be  allowed  the  engineer  for  the  examination 
and  return  of  drawings,  with  the  provision  that  if  he  takes  longer, 
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the   contractor's   time   for  completion   shall   be   prolonged   proportion-      Mr. 
ately.  «*sgins. 

One  of  the  chief  advantages  an  owner  receives  by  retaining  an 
engineer  is  the  benefit  of  open  and  fair  competition  among  contract- 
ors in  the  matter  of  price,  and  this  is  in  direct  proportion  to  the 
clearness  and  definiteness  with  which  the  subject  for  competition  is 
presented.  Therefore,  it  is  the  duty  of  engineers  to  work  for  all 
things  which  make  for  a  more  definite  and  fair  relation  between  the 
owner,  represented  by  his  engineer,  and  the  contractor.  The  writer 
joins  Mr.  Bamford  in  his  plea  for  the  development,  by  this  Society, 
of  uniform  contract  clauses,  after  careful  consideration,  and  with  an 
arrangement  for  revisions  as  new  legislation  and  decisions  by  the 
courts  may  require. 

W.  G.  WiLKiNS^  M.  Am.  Soc.  C.  E. — The  speaker  has  been  very  Mr. 
much  interested  in  this  paper.  A  building  agreement  or  contract  ^  *°^* 
which  will  be  just  and  equitable  to  both  parties,  and  will  not  work 
hardship  to  either,  or  one  in  regard  to  which  the  courts,  if  appealed 
to,  will  decide  that  all  its  provisions  are  equitable  and  must  be  lived 
up  to,  is  a  very  difficult  thing  for  even  a  lawyer  versed  in  all  the 
technicalities  of  contract  law  to  draw  up,  to  say  nothing  of  the  diffi- 
culties it  presents  to  the  engineer  or  architect.  During  thirty  years' 
private  practice  as  an  engineer  in  Pennsylvania,  the  speaker  has  found 
that  up  to  the  present  time,  there  have  been  very  few,  if  any,  contracts 
which  can  not  be  broken  for  some  cause  or  another.  He  is  not  famil- 
iar with  the  laws  relating  to  contracts  in  New  York  State,  but  has  no 
doubt  that  conditions  in  that  respect  are  the  same  as  in  Pennsylvania. 

When  the  speaker  first  began  practice  in  Pittsburg,  nearly  all  con- 
tracts provided  that  the  contractor  must  forfeit  a  certain  amount  per 
day,  or  a  fixed  sum,  if  the  work  was  not  completed  in  the  specified 
time.  It  was  not  long  before  the  courts  decided  that  such  a  clause  was 
illegal,  unless  a  bonus  was  provided  if  the  work  was  finished  in  less 
than  the  specified  time.  In  order  to  avoid  the  possibility  of  having 
to  pay  bonuses  to  contractors,  the  scheme  of  introducing  a  "liquida- 
ted"' damage  clause  into  the  contract  was  evolved,  but  it  was  not  long 
before  the  courts  decided  that  before  the  owner  of  a  building  could 
recover  so-called  "liquidated"  damages  from  a  contractor,  the  latter 
could  take  the  owner  into  court,  and  unless  he  could  prove  actual 
damage  by  reason  of  the  contractor  being  behind  time  in  the  comple- 
tion of  the  work,  he  (the  owner)  could  not  recover  damages.  Even  if 
the  owner  could  prove  actual  damages,  it  might  be  possible  for  the 
contractor  to  avoid  payment  by  proving  that  changes  had  been  made 
in  the  contract  after  it  was  signed  and  while  the  work  was  in  progress. 
The  speaker  knows  of  one  case  where  a  large  firm  took  a  contract 
for  building  a  manufacturing  plant  from  plans  furnished  by  the  con- 
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Mr.  tractor  himself.  The  contract  specified  the  time  required  for  the 
completion  of  the  work,  and  also  contained  a  liquidated  damage  clause 
inserted  by  the  attorney  of  the  company  for  which  the  plant  was  to  be 
built.  After  the  work  was  well  under  way  the  contractor  himself  sug- 
gested certain  changes  which  he  assured  the  owners  would  not  only  bet- 
ter the  work,  but  also  lessen  the  time  required  for  its  completion,  and 
on  these  representations  the  owners  consented  to  the  changes.  Instead 
of  hastening  the  completion  of  the  work,  it  was  not  finished  until  sev- 
eral months  after  the  time  specified  had  expired.  The  owners  of  the 
plant,  therefore,  deducted  from  the  final  estimate  the  amount  specified 
in  the  contract  for  liquidated  damages.  The  contractor  brought  suit 
for  the  amount  deducted,  and  alleged  that  the  contract  was  broken  by 
reason  of  the  changes  in  the  plans,  and,  although  these  changes  had 
been  made  at  his  own  suggestion,  the  court  ordered  the  jury  to  award 
him  the  full  amount  of  his  claim. 

The  speaker  has  also  been  much  interested  in  the  author's  remarks 
on  arbitration.  He  does  not  believe,  however,  that  a  contract  can  be 
drawn  up  containing  any  arbitration  clause  which  can  be  made  abso- 
lutely binding  on  the  parties  to  a  building  contract  unless  the  existing 
laws  are  changed,  and  it  is  doubtful  whether  the  legislature  of  any 
State  could,  under  its  constitution,  take  away  the  right  of  the  courts  to 
review  a  contract.  It  would  certainly  relieve  the  courts  of  a  great  deal 
of  work,  and  the  parties  to  a  disputed  contract  would  save  a  great  deal 
in  the  way  of  expensive  litigation,  if  such  laws  could  be  made. 

In  the  past  nearly  all  building  contracts  in  the  State  of  Pennsyl- 
vania have  contained  an  arbitration  clause  similar  to  the  following: 

"It  is  further  agreed  that  any  and  all  disputes  or  differences  of 
any  and  every  kind,  growing  out  of  or  in  connection  with  this  con- 
tract, either  as  to  its  terms  or  the  character  or  quantity  or  manner 
of  performance  of  the  work,  which  may  arise  between  the  parties  there- 
to, shall  be  referred  to  the  Engineer  (or  Architect)  for  decision,  and 
the  decision  of  said  Engineer  (or  Architect)  shall  be  final  and  con- 
clusive, and  each  and  every  one  of  said  parties  do  hereby  waive  any 
right  of  action,  suit  or  suits,  or  other  remedy  at  law  or  otherwise,  by 
virtue  of  said  covenants,  so  that  the  decision  of  said  Engineer  (or 
Architect)  shall  be  in  the  nature  of  an  award,  and  shall  be  final  and 
conclusive  on  the  rights  of  said  parties." 

The  Pennsylvania  courts  have  always  frowned  on  such  clauses,  and 
have  looked  on  them  as  taking  away  their  rights  to  review  a  contract 
and  as  depriving  the  parties  to  the  contract  of  their  rights  to  a  judi- 
cial review  and  the  award  of  the  arbitrator.  At  the  1907  Session  of  the 
Legislature,  an  Act  was  passed,  which  contained  the  following  clause: 

"Providing  that  the  jurisdiction  of  the  Courts  shall  not  be  ousted 
by  a  provision  in  a  contract  that"  an  award  or  an  appraisement  by  an 
Engineer,   Architect,  or  other  person  shall  be  final  or  conclusive,  or 
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that  a  certificate  of  an  Engineer,  Architect,  or  other  person  shall  be  Mr. 
a  condition  precedent  to  maintaining  an  action  upon  such  contract ;  Wiikms. 
and  that  any  controversy  arising  on  a  contract  containing  such  a 
provision  shall  be  determined  in  due  course  of  law,  with  the  same 
eifect  as  if  such  provisions  were  not  in  such  contract;  contracts  with 
municipal  or  other  corporations,  invested  with  the  privilege  of  taking 
private  property  for  public  use,  excepted." 

Even  if  such  clauses  were  held  by  the  courts  to  be  binding  and  with- 
out appeal,  the  speaker  has  believed  for  some  time  that  all  disputes 
should  not  be  referred  to  the  engineer  or  architect,  and  in  discussing 
the  matter  with  brother  engineers,  has  found  that  most  of  them  agree 
with  him,  that  unless  especially  agreed  on  by  both  parties  to  the  con- 
tract, the  engineer  or  architect  should  only  be  the  arbitrator  as  far 
as  the  character  of  the  workmanship  and  the  quantities  or  qualities 
of  the  materials  are  concerned.  These  are  matters  with  which  engi- 
neers or  architects  would  be  more  familiar  than  any  court  or  out- 
side arbitrator;  but  there  are  other  disputes  which  might  arise  con- 
cerning the  terms  of  the  contract,  which  the  engineer  or  architect, 
being  in  a  certain  sense  the  employee  of  one  of  the  parties,  should 
not,  in  justice  to  himself,  be  called  on  to  decide,  unless  by  a  special 
agreement  of  both  parties.  With  this  idea  in  view,  the  speaker  drew 
up  and  submitted  to  his  attorney  the  following  clause,  which  the  latter 
approved : 

"It  is  further  agreed  that  in  all  other  questions  or  disputes  that 
may  arise,  between  the  parties  hereto,  touching  the  interpretation  of 
the  contract  and  specifications,  other  than  those  affecting  the  character 
of  the  workmanship,  or  the  character,  quantities,  and  qualities  of 
the  material,  the  matter  may  be  referred  to  the  Engineer  for  a  deci- 
sion, by  the  parties  hereto,  with  the  understanding  and  agreement  that 
if  said  matters  are  so  referred  to  the  Engineer,  the  decision  of  said 
Engineer  shall  be  final  and  conclusive  and  binding  upon  both  parties 
hereto  and  without  appeal.  If,  however,  such  disputes  are  not  mutu- 
ally referred  to  the  Engineer  for  decision,  both  parties  to  this  contract 
hereby  agree  to  refer  such  disputes  to  three  disinterested  arbitrators, 
one  to  be  appointed  by  the  party  of  the  first  part,  one  by  the  party  of 
the  second  part,  these  two  arbitrators  shall  select  a  third,  and  the 
decision  of  a  majority  of  these  arbitrators  shall  be  final  and  conclu- 
sive and  binding  upon  both  parties  to  this  contract,  and. the  parties 
hereto  agree  to  accept  such  decision  and  waive  every  right  of  action, 
suit  or  suits,  or  other  remedy  at  law  or  otherwise,  by  virtue  of  these 
covenants." 

When  this  clause  was  written  the  speaker  thought  he  had  an 
arbitration  clause  that  was  just  and  equitable  to  all  parties  to  the 
contract,  including  the  engineer  and  architect,  but  it  is  nullified  by 
the  Act  of  the  Legislature  previously  referred  to,  so  far  at  least  as 
making  the  decision  of  the  arbitrator  final,  no  matter  whether  the 
engineer,    or    architect,    or    disinterested    arbitrators    have    made    the 
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Mr.     award,  unless  one  of  the  parties  to  the  contract  possesses  the  right  of 
Wiikins.  gj^inent   domain.      The    speaker,   therefore,    still   believes    it   to   be   a 
practical  impossibility  to  draw  up  a  building  contract,  which,  like  a 
great  many  wills,  cannot  be  broken  for  some  cause  or  other. 

Mr.  William  A.  Boring,  Esq.* — The  American  Institute  of  Architects, 

Boring,  m^^jgj.  ^j^g  presidency  of  Mr.  Day,  thought  it  would  be  a  good  idea  to 
standardize  the  practice  of  architecture,  from  the  point  of  view  of 
contact  with  the  builder,  and  for  that  purpose  a  committee  of  five 
was  appointed  to  evolve  the  general  conditions  of  a  specification  to  be 
used  by  architects.  That  was  about  three  years  ago,  and  this  com- 
mittee has  been  working  on  the  document  ever  since.  It  has  at  last 
completed  the  "General  Conditions  of  the  Contract,"  as  it  is  called, 
which,  in  reality,  is  a  sort  of  code  of  procedure.  This  is  about  to  be 
published  and  distributed,  or  put  on  sale,  in  the  same  manner  as  the 
"Uniform  Contract"  which  is  in  such  general  use.  Of  course,  it  will 
have  to  be  modified  more  or  less  by  private  practitioners. 

The  committee  began  by  obtaining  specifications  from  the  leading 
architects  of  the  United  States,  dissecting  and  analyzing  them,  and, 
after  determining  the  main  questions,  finding  out  how  these  were 
solved  by  the  different  practitioners.  It  then  endeavored  to  improve 
on  the  form  of  the  matter,  adding  such  new  ideas  as  were  suggested 
by  a  study  of  the  subject  in  detail. 

After  the  committee  had  worked  on  this  for  more  than  two  years, 
Mr.  Day  discovered,  in  the  Annuary  of  the  Royal  Institute  of  British 
Architects,  a  document  which  represented  the  experience  of  some 
thirty  years  of  practice  and  study  in  England,  which  corresponded 
very  nearly  to  the  ideas  held  by  the  committee  of  the  American  In- 
stitute. This  document  was  dissected  and  compared  with  the  work  of 
the  committee,  and  it  was  found  that  the  latter  had  covered  nearly 
every  subject.  The  committee  felt  flattered  to  find  that  it  had  covered 
the  ground  in  almost  the  same  way  as  the  British  architects. 

The  American  document,  of  course,  applies  more  especially  to 
practice  in  the  United  States,  where  the  system  of  quantity  survey- 
ing does  not  obtain,  and  there  are  not  the  same  legal  restrictions  as 
those  governing  the  practice   of  architecture  in   England. 

The  speaker  is  bound  to  state  that  when  this  document  is  sent 
out,  it  will  be  criticized  voluminously.  It  will  not  suit  any  one 
practitioner  in  all  its  phases,  but  if  architects  knew  how  long  a  time 
had  been  spent  over  each  subject,  and  how  it  was  taken  up  again 
and  again  for  comparison  with  all  the  different  sources  of  information, 
they  would  probably  not  decide  as  they  will  when  they  print  their 
specifications  for  their  own  particular  practice. 

It  is  impossible,  and  it  always  will  be  impossible,  in  an  open  meet- 
ing, to  discuss  the  details  of  contracts  or  specifications.     That  must  be 
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done  by   committees,   by   a   few   men   together,   and   after   consulting     Mr. 
the   various   authorities;   and  even  when   a   final   draft   is   agreed  on,    ^'^'°^- 
it  will  be  more  or  less  of  a  compromise,  as  any  such  document  must 
be.    It  is  something  that  will  be  varied  according  to  the  circumstances 
of  each  case. 

Too  often  the  client  makes  the  mistake  of  thinking  that  perfect 
specifications  make  a  perfect  building.  He  engages  his  architect,  and 
thinks  it  does  not  make  much  difference  who  the  contractor  is,  for  as 
long  as  he  has  a  good  plan  and  specifications,  the  contract  is  bound 
to  produce  a  building  as  described. 

When  a  client  advances  this  idea,  the  speaker  tries  to  illustrate 
the  position  by  saying:  "Suppose  you  wanted  a  fine  watch,  and  you 
made  a  very  strong  contract  with  a  shoemaker  to  make  you  such 
a  watch.  Then  you  go  down  to  Maiden  Lane  and  get  the  finest 
watchmaker  in  New  York  to  superintend  the  job.  Now,  what  will 
you  get  as  a  result,  a  watch  or  a  pair  of  shoes?"  That  is  about  the 
eifect  of  documents  when  reliance  on  them  alone  is  the  safeguard 
of  a  building  operation. 

The  erection  of  a  building  according  to  a  plan  and  specification 
is  a  question  between  men:  on  the  part  of  the  contractor  as  to  ability 
and  integrity,  and  on  the  part  of  the  architect  to  describe  clearly 
what  he  intends  the  building  to  be.  Of  course,  the  position  of  archi- 
tects differs  slightly  from  that  of  engineers.  In  addition  to  the  pro- 
tective side  of  the  contract  and  the  specifications,  architects  have  to 
take  care  of  the  aesthetic  side.  This  involves  questions  which  cannot 
always  be  described  in  specifications,  and  the  result  will  depend 
largely  on  the  individuality  of  the  man  who  is  to  produce  the  build- 
ing; whereas,  for  engineering  projects,  specifications  can  give  more 
nearly  exact  physical  descriptions. 

Architects  have  to  take  care  of  Government  work,  in  which  the 
protective  element  is  much  more  strongly  emphasized  than  in  private 
practice,  because  the  position  that  every  engineer  or  architect  is  bound 
to  take  when  he  lets  a  contract  on  Government  work  is  that  the  con- 
tractor is  trying  to  beat  the  Government  in  some  way  or  another,  and 
his  documents  all  presuppose  that  the  contractor  is  more  or  less  dis- 
honest, whereas,  in  private  practice,  he  deals  with  men  known  to  the 
owner,  and  there  the  owner  and  the  builder  meet  on  more  of  a  com- 
mon ground,  and  more  is  entrusted  to  the  contractor.  The  private 
owner  is  also  more  interested  in  the  case.  He  does  not  employ  $2  000 
men  to  decide  $5  000  questions,  as  is  done  in  Government  work. 

The  document  prepared  by  the  American  Institute  of  Architects, 
called  the  General  Conditions  of  the  Contract,  the  Notice  to  Bidders, 
Articles  of  Agreement,  Form  of  Bid,  and  a  Form  of  Bond,  is  com- 
plete up  to  a  certain  point,  and  is  to  be  printed.  It  would  be  a  good 
idea   for   this    Society   to    appoint   a   like   committee,   that   is,   if   the 
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Ml.  Society  is  sincerely  interested  from  the  same  standpoint,  and  the  Am- 
Boring.  g^j^^^j^  Institute  of  Architects  would  be  glad  to  have  its  criticism  on 
this  document.  There  will  be  something  to  base  criticism  on,  and 
the  Committee  will  find  it  a  long  and  tedious,  but  not  an  unpleasant, 
task.  The  American  Institute  of  Architects  will  be  glad  to  co-operate 
with  such  a  committee. 

Mr.  J.  C.  Wait,  M.  Am.  Soc.  C.  E. — This  is  a  subject  in  which  the 
^^^*'  speaker  has  been  interested  for  many  years,  and  he  would  not  concede 
that  a  contract  cannot  be  drawn  which  cannot  be  broken.  Engineers 
intend  to  draw  contracts  which  will  hold.  If  anybody  doubts  it,  let 
them  take  a  few  cases  against  the  City  of  New  York  and  see  what  has 
happened.  Mr.  Bamford  is  to  be  commended  for  this  most  excellent 
paper.  It  would  have  cost  the  Society  a  great  deal  in  fees  to  have  em- 
ployed a  lawyer  to  do  the  work  which  he  has  done  gratis.  He  has 
presented  in  this  paper  something  which  the  speaker  did  not  appreciate, 
until  he  was  informed  that  this  form  of  contract  is  the  result  of  some 
twenty-eight  years  of  work  by  a  committee  of  the  Koyal  Institute  of 
Architects,  and  that  he  has  given  his  elaboration  and  modification  of  it. 

The  speaker  would  like  to  see  the  contract  finally  adopted  by  the 
Royal  Institute  published  with  this  paper,  in  order  to  compare  the 
author's  amendments  with  it,  and  with  that  portion  which  was  ap- 
proved and  finally  accepted  by  the  Institute  of  Builders  and  the 
Federation  of  Builders. 

For  a  layman  to  prepare  a  paper  on  a  legal  subject  and  to  show 
so  much  familiarity  with  it  is  surprising.  The  speaker  has  made  the 
subject  of  contracts  a  specialty  for  the  last  twenty  years.  He  has 
talked  with  Mr.  Bamford  about  building  contracts,  and  finds  him  well 
informed  on  the  subject,  and  also  with  the  breakers  which  are  met  in 
the  preparation  and  performance  of  contracts. 

Some  of  the  questions  which  present  themselves  in  this  contract 
will  be  discussed  by  the  speaker.  One  is  that  the  architect's  decisions 
may  be  reviewed  in  full  after  the  work  is  completed,  if  either  the  con- 
tractor or  the  owner  is  not  satisfied  with  them.  That  seems  to  be  un- 
fortunate, because  architects  may  make  decisions  with  which  the 
parties  may  be  well  satisfied  at  the  time.  If  they  can  tear  up  the 
ground  behind  them,  and  make  a  case  in  court,  it  will  be  found  that 
the  contractor  or  the  owner  will  disagree  and  take  up  for  review  many 
things  which  he  never  would  have  thought  of,  but  considered  as  settled. 
After  a  matter  has  been  decided  by  the  architect,  and  the  parties  have 
not  raised  any  dispute  about  it  at  the  time,  it  should  be  considered  as 
res  judicata,  or  as  an  account  stated  and  settled. 

The  trouble  with  the  arbitration  clause  is  that  it  has  no  binding 
effect  whatever.  The  speaker  is  not  sure  that  he  should  mention  this, 
because  the  evident  purpose  of  the  Royal  Institute  of  Architects  in 
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inserting  that  arbitration  clause  was  not  that  it  would  bind  the  par-  Mr. 
ties,  but  that  it  would  act  as  a  brake  on  the  architect  or  engineer,  and 
make  him  more  careful  of  his  decision,  fearing  an  appeal.  Neither 
party  need  live  up  to  it,  nor  carry  out  its  provisions.  That  being  so, 
what  is  the  use  of  inserting  an  arbitration  clause,  when  either  party 
may  refuse  to  abide  by  it  ?  The  trouble  is  that  nobody  has  found  a  means, 
except  by  putting  up  a  bond,  to  make  either  party  abide  by  it,  because 
this  Government  guarantees  to  every  citizen  the  right  to  the  deter- 
mination of  his  troubles  in  Court,  and  the  Courts  state  that  it  is 
against  the  policy  of  the  law  to  allow  a  man  to  preclude  himself  from 
going  into  Court. 

A  contractor,  however,  is  required  to  fulfill  the  conditions  of  his 
contract.  If  a  man  makes  a  contract  and  then  breaks  it,  he  must 
stand  in  damages.  In  several  cases  the  speaker  has  declared  in  dam- 
ages which  resulted  from  the  refusal  of  the  owner  to  carry  out  his 
arbitration  clause,  and  he  has  shown  that  the  Court  procedure  cost 
so  much  for  expert  witnesses,  lawyers'  fees,  and  other  expenses,  and 
that,  therefore,  it  ought  to  be  recovered  in  damages.  The  judges  in 
every  instance  have  smiled  and  put  it  aside. 

Of  course,  one  can  draw  bonds  and  make  them  conditioned  on  the 
parties  carrying  out  the  arbitration  clause,  and,  if  they  do  not,  the 
bond  will  be  valid  and  binding,  and,  if  they  do,  it  will  become  null 
and  void. 

There  is  no  doubt  that  arbitrations  are  the  best  and  most  whole- 
some way  of  deciding  disputes  in  building  matters,  if  they  are  car- 
ried out.  The  average  trial  of  a  building  case  before  a  referee  costs 
from  $2  000  to  $6  000,  certainly  a  very  expensive  operation.  A  high- 
class  referee  in  the  City  of  New  York  costs  from  $20  to  $25  per  hour; 
that  means  the  best,  which  is  what  is  wanted  if  the  case  involves  $60  000 
or  $100  000. 

These  references  usually  occupy  one  day  a  week,  and  extend  from 
one  to  five  years,  and,  after  calculating  the  cost  of  attorneys'  fees  and 
the  services  of  experts  at  from  $100  to  $200  per  day,  one  has  an  idea 
of  what  the  contractor  may  lose.  The  lawyer  and  the  referee  profit, 
and  the  owner  and  the  builder  lose — sometimes  more  than  they  would 
if  they  had  abandoned  their  claims. 

If  one  could  have  an  arbitration,  not  of  three  members,  but  con- 
sisting of  one  member,  a  high-class  technical  man  familiar  with  the 
subject,  agreed  on  or  appointed  by  the  Presidents  of  the  American 
Society  of  Civil  Engineers  and  the  American  Institute  of  Architects, 
selecting  men  who  are  retired  architects  or  engineers,  who  are  not 
affected  by  business  competition,  who  are  old  enough  not  to  be  swayed 
by  commercial  operations,  and  who  would  be  real  judges  and  would 
administer  justice,  then  a  solution  of  this  difficult  problem  might  be 
attained. 
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Ml.  There  would  be  one  arbitrator  to  pay,  instead  of  three,  and  better 

^*^*-  satisfaction  would  be  obtained.     Better  results  would  be  reached  than 

some  which  members  of  this  Society  and  members  of  the  Institute  of 

Architects  have  seen  obtained  in  the  average  building  case  tried  before 

a  jury,  whose  ignorance  is  displayed  at  every  step  of  the  trial. 

There  are  certain  things  in  this  contract  to  which  the  speaker 
would  call  attention.  It  states  that  contractors  shall  indemnify  and  save 
harmless  the  owner  from  any  injury  or  damage  caused  by  or  "alleged  to 
have  been  caused  by"  any  act  or  omission  of  the  contractor.  It  re- 
serves the  right  to  retain  money  to  meet  any  claim  that  is  filed.  The 
result  is  that  if  a  contractor  of  the  City  of  New  York  has  any  differ- 
ence with  his  employees,  or  anybody  has  an  imaginary  grievance,  he 
immediately  files  a  lien  with  the  Comptroller,  and  the  Comptroller 
immediately  makes  that  an  excuse  for  holding  up  his  money,  often 
without  any  sense  or  reason.  As  an  illustration:  The  lien  laws  of  the 
State  of  New  York  state  that  a  person  shall  have  a  lien  for  materials 
actually  delivered  on  the  work  and  incorporated  into  it,  and  for  labor 
actually  spent  on  the  work.  For  the  anchorage  of  the  Williamsburg 
Bridge  certain  stone  was  ordered  from  a  quarry.  The  stone  was  quar- 
ried, cut,  and  stacked  up  in  the  yard  at  Cobleskill,  N.  Y.  It  was 
never  delivered  to  the  work,  and  was  never  made  any  part  of  it,  and 
yet  the  Receiver  of  the  quarry  company  filed  a  lien  for  $26  000  on 
account  of  that  material.  The  Comptroller,  by  advice  of  the  Corpora- 
tion Counsel,  held  up  the  money  for  from  one  to  two  years,  to  the  great 
detriment  and  damage  of  the  contractor.  Under  the  author's  contract, 
claims  made  under  any  injury  "alleged  to  have  been  caused"  by  an 
act  of  the  contractor  might  be  a  powerful  weapon  in  the  hands  of 
a  hateful  or  insolvent  owner.  He  might  get  his  neighbor  to  allege 
that  he  was  damaged,  and  make  claim,  and  thus  give  the  owner  suffi- 
cient excuse  for  holding  up  the  monies  otherwise  due  and  owing. 

There  are  a  number  of  things  of  that  kind  in  this  contract  which 
perhaps  are  more  properly  the  subject  of  written  discussion,  but  the 
speaker  would  impress  upon  the  Society  what  seems  to  him  to  be 
the  necessity  for  a  standard  contract.  The  standard  contract,  known 
as  a  "Uniform  Contract,"  recommended  by  the  Institute  of  Architects 
and  the  National  Builders,  is  a  very  poor  document. 

What  the  Committee  of  the  Institute  of  Architects  will  present 
soon,  after  several  years'  work,  cannot  be  told,  but  this  Society,  in 
collaboration  with  the  Institute  or  by  itself  alone,  could  devise  a  stand- 
ard contract.  As  a  foundation  there  has  been  presented  in  this  paper 
the  substance  of  a  document  which  cost  the  Royal  Institute  of  Archi- 
tects and  Institute  of  Builders  some  twenty-eight  years  of  work.  On 
the  whole  it  is  a  very  good  contract.  It  is  a  better  contract  than  would 
1)0  obtained  from  the  average  lawyer,  and  the  speaker  recommends  its 
use,  with  some  slight  modifications. 
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As  an  illustration  of  what  might  result  and  a  use  that  could  be  Mr. 
made  of  such  a  contract,  two  or  three  instances  which  have  come  to 
the  speaker's  notice  may  be  cited:  The  new  Manhattan  Bridge  was 
built  in  less  time  than  any  bridge  of  its  character  or  size,  and  with 
no  friction  whatever.  All  the  contracts  were  prepared  under  the 
speaker's  direction.  These  contracts,  for  the  structural  steel,  the  wires, 
cables,  and  suspenders,  and  for  their  erection,  comprised  some  four 
or  five  pages  each.  The  contract  with  the  American  Bridge  Company 
for  the  steelwork  for  the  Madison  Avenue  Bridge  comprised  one  page 
of  typewriting;  the  contract  for  the  steelwork  for  the  approaches  of 
the  new  Manhattan  Bridge  comprised  one  page,  and  they  were  ap- 
proved by  the  attorneys  of  the  respective  parties,  and  there  has  been 
no  friction  and  no  trouble. 

This  can  be  explained  by  the  fact  that  the  City  contract  was  a 
foundation  or  reference.  These  contracts  were  merely  indentures 
binding  the  parties,  and  by  reference  embodied  the  City  contract. 

Now,  if  there  was  a  standard  contract,  whether  printed  or  merely 
filed  with  this  Society  and  the  Institute  of  Architects,  the  statement 
could  be  made,  in  the  fewest  words,  comprising  one  page  of  typewrit- 
ing, that  both  parties  would  be  bound  by  it,  and  then  it  could  be  em- 
bodied by  reference,  and  the  contracts  would  be  as  brief  as  possible. 
For  that  practice  this  contract  is  specially  adapted.  Having  the  con- 
tract, the  conditions  and  specifications,  which  might  be  called  a  code, 
and  then  the  plans,  these  can  be  embodied  in  the  contract  without  re- 
writing them.  They  could  be  printed  and  put  in  the  hands  of  every 
member  of  this  Society. 

That  would  save  attorney's  fees  and  great  delays.  Perhaps  the 
speaker  should  not  be  arguing  this  way,  in  view  of  his  dual  profes- 
sional position;  but  it  would  nevertheless  save  a  great  deal  of  time 
in  the  preparation  of  contracts  by  the  engineer  and  for  owners.  In 
view  of  the  way  contracts  are  closed,  projects  often  fail  and  a  fine 
job  is  lost,  because  the  contract  is  not  ready  and  is  not  signed  before 
the  job  gets  cold. 

With  a  standard  contract  and  with  means  of  closing  it  promptly, 
and  with  the  further  feeling  that  it  is  a  good  contract  and  one  which 
will  hold,  engineers  would  close  their  contracts  on  the  spot,  and  would 
save  themselves  some  fees  and  some  projects,  which  sometimes  get 
away  from  them  owing  to  changed  financial  conditions  and  other 
happenings  in  Wall  or  Broad  Streets. 

W.  L.  Bowman,  Esq. — There  is  one  section  in  the  proposed  building     Mr. 
agreement  which  has  been  especially  called  to  the  speaker's  attention. 
This  is  Section  XXIV,  regarding  the  extension  of  time  to  the  con- 
tractor under  certain  conditions  and  circumstances.     Experience  has 
shown  that  this  does  not  afford  proper  protection  for  the  contractor. 
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Mr.  Most  contracts  now  in  use  and  the  form  of  contract  given  in  this  paper 
owman.  pj-Q^.^^.^  ^]^g  owner  thoroughly,  and  those  who  represent  so  largely  con- 
tractors and  sub-contractors  are  naturally  most  interested  in  those 
clauses  which  affect  their  protection.  The  result  of  this  extension  of 
time,  granted  under  Section  XXIV,  was  well  illustrated  by  one  of  the 
speaker's  clients,  who  stated  that  "this  would  be  equivalent  to  con- 
tracting with  a  man  to  furnish  ice  in  winter  and  then  giving  him  an 
extension  of  time  so  that  he  would  have  to  cut  the  ice  in  the  summer." 
Take  a  specific  example  in  the  speaker's  experience.  A  quarryman  con- 
tracts with  an  owner  to  furnish  and  lay  certain  granite  by  specified  dates, 
the  contract  having  been  entered  into  at  such  a  time  that,  provided 
the  work  was  done  rapidly  and  with  a  full  force,  all  the  quarrying 
could  be  completed  before  winter,  and  the  setting  done  in  the  late 
spring.  Suppose  then  that  the  architect  or  engineer  does  not  furnish 
the  detailed  plans  and  models  necessary  for  the  quarrying  and  cutting, 
with  the  result  that  the  work,  instead  of  being  carried  on  with  a  large 
force  working  daily,  has  to  be  performed  as  the  details  are  received, 
with  a  force  of  men  varying  from  10  to  100  per  day,  and  the  quarrying, 
cutting,  and  setting  have  to  be  done  in  cold  and  freezing  weather ;  then 
one  can  realize  how,  under  this  contract  and  under  Section  XXIV,  the 
quarryman  might  lose  thousands  of  dollars,  and  his  only  remedy  would 
be  an  extension  of  time  to  complete  his  contract.  This  conclusion — 
that  the  extension  of  time  would  be  exclusive — is  drawn  from  the  fact, 
that,  although  there  is  some  difference  of  opinion  on  the  subject, 
depending  chiefly  on  the  special  circumstances  of  the  case,  the  laws 
of  the  State  of  New  York  and  of  many  other  States  seem  to  hold,  that 
where,  in  such  a  contract,  an  extension  of  time  is  specifically  granted, 
such  extension  provides  the  exclusive  remedy  which  the  contractor  has 
for  his  damages.  That,  certainly,  is  not  fair  to  the  contractor,  and,  in 
the  speaker's  opinion,  it  would  seem  that  such  a  clause  works  more 
hardship  than  good.  It  would  seem  to  be  only  proper  to  modify  this 
clause  and  make  it  more  in  conformity  with  Section  XXIII,  and 
provide  for  damages  to  the  contractor,  so  as  to  make  his  damages 
recoverable  for  delays,  etc.,  equivalent  to  those  therein  granted  to  the 
owner.  These  damages,  however,  should  be  limited  to  those  caused 
to  the  contractor  or  sub-contractor  by  architects,  engineers,  sub- 
contractors, etc.  who  are  the  agents  or  direct  employees  of  the  owner. 

There  is  one  other  situation  which  has  been  forcibly  brought  to  the 
speaker's  attention,  and  that  is,  if  a  uniform  contract  is  determined 
on,  sub-contractors  must  be  careful  with  regard  to  its  provisions  and 
see  that  they  are  protected  against  the  general  contractor  to  the  same 
extent  as  the  latter  will  be  against  the  owner. 

Suppose  that  a  sub-contractor  enters  into  a  contract  with  a  general 
contractor  and  signs  a  uniform  contract  containing  a  clause  stating 
that  the  architects  or  engineers  shall  act,  for  the  purposes  of  the  con- 
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tract,  as  agents  of  the  owner.  Then,  if  the  architects  or  engineers  Mr. 
should  fail  to  supply  the  plans  or  specifications  on  time,  and  the  sub-  "^'^^"• 
contractor  should  thereby  be  damaged,  he  could  have  no  recovery 
against  the  general  contractor  because  of  the  specific  provision  in  the 
contract  that  these  defaulting  parties  were  the  agents  of  the  owner, 
and  it  seems  to  be  very  uncertain  as  to  whether  he  would  have  any 
rights  as  against  the  owner.  This  decision  has  been  made  very  lately 
by  one  of  the  Appellate  Courts,  the  result  being  that  the  sub-con- 
tractor, who  is  usually  the  least  able  to  bear  the  burden  of  such  losses, 
must  stand  them,  and  the  owner,  engineer,  or  general  contractor,  who- 
ever may  be  to  blame,  receives  the  benefit  without  being  liable  for  the 
damages  which  he  may  have  caused. 

These  two  matters  have  been  brought  home  so  forcibly  by  experience 
that  it  has  only  seemed  fair  to  call  attention  to  them  at  this  time.  In 
conclusion,  the  speaker  desires  to  commend  Mr.  Bamford  on  his 
excellent  work,  which,  with  a  few  changes  of  language  (using  American 
instead  of  English  terms),  will  provide  a  much  better  contract  than  any 
in  general  use  to-day  among  builders  and  engineers. 

Charles  A.  Ruggles,  Assoc.  M.  Am.  Soc.  C.  E. — The  engineer's,  Mr. 
the  architect's,  the  owner's,  and  the  attorney's  views  of  a  uniform  and  ^^^  *^^' 
standard  building  agreement  have  been  stated,  and  it  may  be  interest- 
ing to  have  the  contractor's  as  well,  for  although  by  many  they  are  con- 
sidered an  evil,  it  may  be  conceded  that  they  are  necessary  or  con- 
venient, and  make  for  economy  for  the  owner,  engineer,  and  architect; 
they  are  also  a  source  of  revenue  to  the  attorney,  and  therefore,  are  to 
be  considered  as  a  factor  in  architectural  and  engineering  work,  and  as 
the  other  party  in  such  contracts  or  agreements.  An  architect  is,  by 
definition,  a  master  builder;  an  engineer,  as  defined  by  Wellington,  is 

one  who  can  do  for  one  dollar  as  much  as  a fool  can  do  for  two;  an 

attorney's  highest  achievement  is  to  keep  his  client  out  of  court  and 
trouble;  a  structural  contractor  is  a  combination  of  both  engineer  and 
architect,  or  he  is  nothing;  therefore,  owner,  architect,  engineer, 
attorney,  and  contractor  should  act  and  re-act  with  business  equity, 
harmony,  and  mutuality  in  a  "meeting  of  minds." 

Mr.  Bamford's  work  is  admirable,  and,  as  a  means  to  an  end,  his 
paper  will  often  be  referred  to,  but  it  may  be  conceded  that  the  form 
which  he  proposes  carries  too  great  a  load,  goes  too  far  afield,  and  leads 
into  temptation  and  coi5rt,  rather  than  to  an  adjustment  and  settle- 
ment based  on  demonstrable  facts  which  no  sane  man  will  waive  aside 
and  seek  instead  his  constitutional  day  in  court.  It  may  be  conceded, 
too,  that  one  cannot  be  kept  from  court  by  a  contract,  that  arbitration 
is  a  name  only,  is  not  enforceable,  and,  when  accepted,  is  the  decision 
of  one  man  without  judicial  temperament  or  training  in  the  correla- 
tion of  law  and  facts,  so  that  the  result  of  most  arbitrations  is  only  an 
expensive  compromise. 


Ruggles 
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Mr.  It  may  also  be  postulated  that  he  who  is  his  own  attorney  has  a  fool 

for  a  client,  and  from  this  the  corollary  that  no  uniform  form  of  build- 
ing agreement  can  ever  be  drafted  which  will  fit  any  or  all  structures 
or  work;  but  if  adequate  plans,  and  complete  and  equitable  specifica- 
tions— free  from  the  club  clauses  which  Mr.  Bamford  so  aptly  char- 
acterizes— are  used  as  the  instruments  of  service  and  the  basis  of  the 
agreement,  it  may  be  approximated.  When  plans  and  specifications 
which  leave  little  or  nothing  for  conjecture  are  offered  for  contract, 
competition,  if  asked,  will  be  keen,  and  prices  low,  with  no  fear  of 
court  or  distrust  of  arbitration;  and  minds  will  meet  in  a  simple  state- 
ment of  the  work  to  be  done,  the  time  to  do  it  in,  the  amount  to  be 
paid,  the  time  and  method  of  payment,  and  the  method  of  voidance  for 
a  breach;  and  such  a  contract  will  not  be  the  paper-covered  hoop 
through  which  an  able  attorney  can  drive  his  legal  team.  If  the 
engineer  and  architect  will  do  their  part,  the  owner  and  his  attorney 
will  have  little  difficulty  in  enforcing  the  contractor's  part. 

Owner,  architect,  engineer,  attorney,  and  contractor  must  share 
alike  the  burden  of  creating  the  necessity  for  more  equitable  con- 
tractual relations,  and  none  other  can  exist  or  long  be  maintained. 
The  owner  is  responsible  for  demanding  the  inequitable  and  "club- 
clause"  contract;  the  attorney,  for  preparing  the  inequitable  but  legal 
contract;  the  engineer  and  architect,  for  preparing  or  copying  contract 
forms  which  are  either  inequitable  or  illegal,  often  both,  and  for  pre- 
paring specifications  with  vague  and  club  clauses  to  cover  his  or  their 
carelessness,  oversight,  or  lack  of  experience,  or  to  please  clients.  The 
contractor  should  refuse  to  sign  a  contract  or  accept  specifications 
which  force  him  to  take  a  gambler's  chance. 

The  following  contract  clauses,  quoted  from,  live  contracts,  might 
be  viewed  with  distrust  and  conceded  to  be  inequitable  and  perhaps 
illegal : 

"All  extra  work  required  to  be  done  and  materials  to  be  furnished  to 
the  owner  by  the  contractor  shall  be  furnished  by  the  sub-contractor  at 
exactly  the  same  prices  as  shall  be  received  by  the  contractor."  "'No 
allowance  by  reason  of  extra  work  shall  be  demandable  by  the  sub- 
contractor, saving  so  far  as  the  same  may  be  conceded  by  the  owner." 
"Any  right  of  action  for  any  cause  arising  in  or  out  of  the  contract  in 
any  court  of  law  or  equity  is  expressly  waived  by  the  contractor." 
"It  is  expressly  agreed  and  stipulated  by  and  between  the  parties  hereto 
that  all  right  of  lien  for  labor  or  material  is  expressly  waived,  and  that 
no  lien  for  any  cause  be  filed."  •  A  prime  favorite  is :  "It  is  expressly 
agreed  that  all  laws,  ordinances,  and  municipal  regulations  are,  and 
become,  a  part  of  this  contract,  and  should  they  [sici  require  addi- 
tional material  or  change  in  quality  or  both,  it  shall  be  furnished  by 
the  contractor  without  additional  charge."  Another  favorite  is:  "The 
contractor  agrees  to  furnish  proper  legal  and  safe  foundation,  if 
those  shown  are  not  such  [sic'],  without  additional  cost  to  owner." 
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These  two  last  clauses  are  pathetic,  if  not  absurd,  and  none  but  a     Mr. 
Lloyds   insurance   company   could   safely   sign   a   contract   containing 
them. 

The  following  are  a  few  of  the  objectionable  "club  clauses"  which 
the  speaker  remembers;  they  may  be  of  interest: 

"It  is  the  intention  of  these  plans  and  specifications  to  comprehend 
a  complete  building  in  every  respect  and  in  accordance  with  the  require- 
ments of  the  owner,  whether  particularly  shown  or  specified  or  not, 
without  additional  cost  to  the  owner."  A  favorite  is:  "The  plans  and 
specifications  are  intended  to  co-operate,  and  anything  not  shown  but 
specified,  or  specified  and  not  shown,  or  neither  [sic^,  if  required  by 
the  owner  or  architect,  is  to  be  supplied  as  though  both  shown  and 
specified." 

A  large  corporation  makes  the  contractor  wonder  if  he  is  the  other 
party  or  the  victim  by  asking  his  signature  to  a  contract  containing 
this  clause :  "For  the  purpose  of  this  contract,  the  architect  is  to  act  as 
the  agent  of  the  owner."  Then,  in  the  specifications,  which  are  made  a 
part  of  the  contract,  this  is  found :  "The  decision  of  the  architect,  as 
to  the  extent  or  quality  of  the  work  or  materials  or  the  cost  of  addi- 
tions or  deductions,  shall  be  final,  and  there  shall  be  no  appeal  from 
such  decision." 

It  might  be  conceded,  too,  that  there  is  another  force  which  en- 
genders strife  and  litigation  from  building  contracts,  namely,  the 
penalty  or  liquidated  damage  clause  for  delays,  instead  of  ar  adjust- 
ment on  the  proper  measure  of  damage.  In  reference  to  this  matter, 
some  popular  textbooks  on  building  jurisprudence  fail  by  stating  rules 
of  law  which  are  not  sustained  by  the  courts  in  leading  cases.  These 
carelessly  or  too  broadly  stated  rules  often  lead  the  owner,  architect, 
engineer,  and  contractor  into  error  and  litigation  with  a  case  which 
has  so  little  defense  or  merit  that  careful  counsel  would  advise  settle- 
ment. To  illustrate  this  contention,  assume  a  contract  with  a  liqui- 
dated damage  clause,  and  that  the  owner  has  ordered  extra  and  addi- 
tional work  after  the  time  for  completing  the  contract  has  expired; 
that  the  owner  has  made  payments,  on  the  certificates  of  the  architect, 
after  the  time  for  completing  the  contract  has  expired;  that  the  owner 
has  taken  possession  of  the  building  on  completion,  some  months  after 
the  contract  time  for  delivery,  and  is  enjoying  the  benefits  of  the  same, 
all  of  which  acts  on  his  part  were  without  protest,  but  that,  in  settle- 
ment, he  retains  the  amount  of  the  per  diem  penalty.  The  contractor, 
if  he  reads  from  the  rules  with  citations  given  in  one  of  the  much- 
used  text  books,  can  form  a  strong  theory  of  perfect  defense  for  refus- 
ing to  allow  the  penalty,  on  the  grounds  that  the  owner  has  waived  his 
right  for  damage  or  forfeiture. 


Lowinson. 
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Mr.  The  book  states: 

ugg  es.  aj^  j^gg  ]jQQ^  }^gj(j  ^}ja,t  allowing  the  contractor  to  continue  the  work 
as  if  under  the  contract,  after  the  time  limit  had  expired  and  without 
claiming  the  forfeiture  which  might  have  been  exacted,  was  a  waiver 
of  the  right  to  such  forfeiture.  *  *  *  Acceptance  of  work  may  be 
held  a  waiver  of  right  to  demand  damages.  *  -^^  *  Requests  or 
orders  to  the  contractor  to  go  on  with  the  work,  or  to  complete  it,  have 
been  held  to  amount  to  a  waiver  of  the  clause  for  the  liquidated 
damages.  The  making  of  payments  after  default  of  contractor  without 
objection,  after  the  time  for  completion  has  passed,  is  a  waiver  of  any 
claim  for  damages  for  such  failure  to  complete  in  time." 

This  is  misleading  but  gracious  language  to  the  contractor  with  a 
forfeiture  to  defend,  but  he  will  be  wise  if  he  avoids  litigation  with  no 
stronger  defense  than  might  be  gathered  from  the  language  of  the 
book,  for  before  any  building  or  engineering  operation  is  finally  ac- 
cepted and  paid  for,  the  owner,  without  doubt,  gives  color  to  such  a 
defense  by  doing  any  or  all  of  the  before  mentioned  things,  and  a  care- 
ful examination  of  authorities  and  decisions  of  the  New  York  courts 
gives  color  to  the  conclusion  that  none  or  all  of  the  acts  cited  con- 
stitute a  waiver  of  a  claim  for  damage. 

Mr.  Oscar  Lowinson,  Assoc.  M.  Am.  Soc.  C.  E. — Those  who  have  had 

considerable  experience  in  courts  of  law,  or  in  arbitration  cases,  know 
that  a  court  will  frequently  change  the  reasoning  of  a  contract  to  suit 
what  it  thinks  should  have  been  the  condition  of  the  minds  of  the 
parties  at  the  time  the  contract  was  signed,  and  frequently  those  clauses 
which  cover  lack  of  description  are  adversely  ruled  on  by  the  court,  or 
so  as  to  assume  that  if  the  architect  or  engineer  has  omitted  them,  it 
was  due  to  his  lack  of  knowledge,  and,  in  view  of  his  not  knowing 
what  was  wanted,  the  contractor  is  given  the  benefit  of  any  doubt. 

Some  years  ago  the  speaker  was  engaged  as  an  expert  on  a  case  in 
which  he  represented  the  owner,  suit  having  been  brought  by  a  con- 
tractor who  had  defaulted  and  had  been  taken  off  the  job.  The  trial 
lasted  about  three  weeks,  and  the  decision  was  quite  an  experience, 
because  it  allowed  the  contractor  considerably  more  money  than  it  was 
thought  would  be  allowed  by  any  court  of  law.  Two  years  later,  the 
speaker  met  the  judge  (who  had  then  retired  from  the  bench),  and  asked 
him  why  it  was  that,  in  this  case,  in  view  of  the  evidence,  he  had  given 
that  decision.  His  reply  was  that,  although  possibly  by  keeping  strictly 
within  the  letter  of  the  law  and  the  contract,  the  contractor  would  not 
have  been  entitled  to  the  amount  allowed,  he  felt  that  it  was  his 
business  (and  it  is  also  the  custom  in  the  courts)  to  try  to  put  himself 
in  the  position  which  the  owner  and  the  contractor  were  at  the  time 
the  contract  was  signed,  and  that  if  the  architect  was  not  familiar  with 
the  details  of  the  work  he  intended  to  have  done,  and  had  inserted  in 
the  contract  clauses  which  he  intended  to  use  as  clubs,  the  courts 
looked  with  disfavor  on  such  practice. 
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As  a  result  of  several  decisions  of  this  kind,  the  speaker  is  careful  Mr. 
to  draw  contracts  so  that  they  will  contain  as  little  as  possible,  and  to 
make  specifications  as  complete  as  possible,  and,  where  there  is  any 
doubt,  to  set  aside  considerable  sums  for  matters  which  have  not  been 
thoroughly  covered.  All  this  is  included  in  the  provisional  clauses  in 
the  contract  proposed  by  Mr.  Bamford,  and,  with  certain  variations, 
might  very  well  be  adopted. 

In  the  issuance  of  the  certificate  for  payment,  the  author  requires 
the  architect  or  engineer  to  do  certain  legal  work;  as  a  practising  pro- 
fessional, the  speaker  would  not  like  to  do  this.  For  instance,  on  the 
evidence  of  any  claim  or  lien  at  the  time  of  the  issuance  of  the  certifi- 
cate, the  engineer  or  architect  shall  withhold  from  this  certificate  an 
amount  sufficient  to  indemnify  the  owner  in  case  the  lien  be  shown  to  be 
well  founded.  This  is  a  matter  which  should  be  left  to  the  owner. 
Possibly  the  speaker  is  wrong,  as  he  is  not  a  lawyer;  but  his  custom 
has  been  to  issue  a  certificate,  which  the  contractor  presents  with  a 
warranty  from  the  County  Clerk  showing  that  there  are  no  liens 
against  the  property ;  or,  the  owner  has  a  search  made,  and  it  is  he,  and 
not  the  architect  or  the  engineer,  who  determines  the  question  of  with- 
holding the  money.  It  puts  the  architect  or  the  engineer  in  the 
position  of  being  compelled  to  decide  questions  of  law  instead  of 
matters  of  construction. 

E.  T.  Thurston,  Jr.,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter).— The  _  Mr. 

,  .  ,        .  ,      .  ,  1       »         i .  r    X  T  Thurston. 

writer  has  reviewed  with  interest  the  author  s  attempt  to  realize  an 
ideal  and  universal  form  of  complete  contract,  and,  while  questioning 
the  practicability  of  such  a  contract,  can  see  naught  but  good  to  come 
from  an  extended  discussion  of  the  whole  question,  based  on  as  good  a 
model  as  that  advanced  in  the  paper.  The  trouble  with  too  many 
contracts  and  specifications  is  that  they  are  products  of  a  combination 
of  ignorance,  egotism,  and  despotism.  Employed  as  an  expert  to 
design  and  supervise  the  construction  of  a  proposed  building,  the 
average  architect,  though  possibly  unassailable  as  an  artist,  and  pos- 
sessing a  good  fund  of  general  knowledge  as  to  finish  and  equipment, 
is  densely  ignorant  of  details  of  structure  and  equipment,  and  instead 
of,  in  his  turn,  employing  qualified  ex^ierts  to  assist  him,  he  imposes 
on  the  confidence  of  his  client  by  deliberately  attempting  to  design 
and  specify  the  work  himself,  or  by  accepting  the  proffered  free  serv- 
ices of  an  "expert"  (with  an  ulterior  motive),  who  proceeds  to  fix 
the  specifications  against  competition  and  to  hold  up  the  general  con- 
tractor. Experience  has  taught  him  that  in  order  to  protect  himself 
from  the  results  of  his  ignorance  and  cupidity,  it  is  necessary  to  have 
recourse  to  ambiguities  and  blanket  clauses,  to  the  end  that  he  may 
force  the  contractor  to  do  his  pleasure  regardless  of  the  apparent  intent 
of  the  adopted  plans  and  specifications.  Inasmuch  as  there  are  gen- 
erally  several   among  the   contractors   bidding  on   each   job,   who   are 
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Mr.  SO  anxious  to  get  the  work  that  they  will  sign  anything,  the  ambitious 
Thurstjn.  (jQ^tractor  falls  an  easy  victim  to  the  take-it-as-it-is-or-leave-it  ulti- 
matum of  the  architect.     This  paper,  therefore,  is  most  opportune. 

A  rapid  reading  of  the  form  of  Agreement  and  Schedule  of  Condi- 
tions of  Contract  submitted  impresses  one  with  its  unnecessary  ver- 
bosity, greatly  detracting  from  its  ready  intelligibility  to  the  average 
contractor.  The  writer  believes  that  one  of  the  most  needed  improve- 
ments in  forms  of  contract  is  along  the  line  of  simplicity.  The  Courts 
will  maintain  the  validity  and  sufficiency  of  a  much  simpler  form 
than  the  lawyers  seem  willing  to  give.  Furthermore,  the  writer  fails 
to  see  the  disadvantage  of  incorporating  what  the  author  calls  the 
"Schedule  of  Conditions  of  Contract"  in  the  contract,  over  the  signa- 
tures of  the  parties  thereto. 

Referring  to  Article  II  of  the  form  of  Agreement,  the  writer  be- 
lieves that  a  contractor,  unless  working  under  a  satisfactory  bonus- 
and-forfeit  arrangement,  should  be  allowed  a  definite  number  of  work- 
ing days  in  which  to  complete  the  specified  work,  and  that  the  contract 
should  define  clearly  what  is  intended  to  be  understood  as  a  working 
day.  It  is  not  enough  to  define  a  working  day  as  one  on  which  it  is 
possible  to  work,  for  while  it  may  be  possible  to  do  some  work,  the 
prevailing  conditions  may  be  such  that  the  operation  of  the  con- 
tractor's force  may  be  very  greatly  curtailed;  for  example,  a  succes- 
sion of  damp  days  may  greatly  retard  the  progress  of  the  interior 
finish  of  a  building.  The  writer  suggests  the  following  wording  for 
Article  II: 

''Article  If. — The  Contractor  agrees  to  complete  the  works  in  .... 
working  days,  provided,  however,  that  should  the  Engineer  decide 
that  certain  departments  of  the  work  which  the  Contractor  is  ready 
and  desires  to  proceed  with,  should,  for  any  reason,  not  attributable  to 
act  or  neglect  of  the  Contractor,  but  due  solely  to  circumstances 
beyond  his  control,  be  deferred,  and  should  this  impose  a  hardship  on 
the  Contractor,  the  latter  shall  be  allowed  such  extension  of  the  afore- 
said period  of  time  as  the  Engineer  may  deem  justly  compensatory 
therefor,  it  being  understood  that  the  Contractor  must  make  written 
demand  on  the  Engineer  for  such  extension,  and  that  the  Engineer's 
decision  shall  be  definitive  (subject  to  arbitration)." 

As  an  alternative  to  the  author's  clause  covering  the  question  of 
the  time  element  and  damages  for  delay,  the  writer  has  the  following 
to  suggest,  in  which  he  would  recognize  the  value  of  the  contractor's 
time  as  well  as  that  of  the  owner: 

"It  is  agreed  by  the  Contractor  and  the  Owner  that  time  shall  be 
of  the  essence  of  this  contract.  The  Contractor  agrees  that  he  will 
reimburse  the  Owner  in  liquidated  damages  for  any  delay  in  the  com- 
pletion of  the  works  beyond  the  agreed  time,  by  paying  to  the  Owner 

damages  not  to  exceed  $ for  each  and  every  calendar  days 

delay  so  caused,  said  damages  to  cover  the  cost  of  all  extra  inspection 
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and  supervision,  loss  of  rents,  and  all  other  expenses,  suffered  by  the  Mr. 
Owner  on  account  of  delay  in  completing  the  works,  and  the  Owner  Thurston, 
shall  be  entitled  to  retain,  from  the  amount  otherwise  to  become  due 
the  Contractor,  an  amount  sufficient  to  cover  the  estimated  damages. 
The  Owner  agrees  to  reimburse  the  Contractor,  in  liquidated  damages, 
for  any  delay  in  the  completion  of  the  works  caused  by  him,  covering 
the  extra  expense  of  superintendence,  interest  charges,  tying  up  of 
plant,  and  all  other  expenses  incidental  to  such  delay,  by  payment 
to  him,  at  the  time  that  his  final  payment  under  this  contract  becomes 

due,  a  sum  not  to  exceed  $ for  each  and  every  calendar  day 

of  delay  so  caused." 

Article  III,  as  suggested  by  the  author,  does  not  fit  California  con- 
ditions, inasmuch  as  the  State  Lien  Law  declares  that  at  least  25% 
of  the  entire  contract  price  must  be  retained  for  a  period  of  35  days 
after  the  completion  and  acceptance  of  the.  works.  In  private  con- 
tracts there  is  seldom  any  further  attempt  made  to  insure  the  proper 
completion  of  the  works  by  retention  of  any  additional  amount  from 
the  contractor's  payment,  .but  in  public  contracts,  although  the  Lien 
Law  does  not  apply,  a  bond  in  excess  of  50%  of  the  contract  price 
is  often  exacted,  and,  in  the  case  of  some  work  in  San  Francisco,  the 
progress  payments  are  limited  to  50%  of  the  value  of  the  work  done, 
the  latter  being  a  noteworthy  instance  of  an  attempt  to  exclude  con- 
tractors of  limited  capital. 

Article  IV  seems  to  be  excellent  in  form,  but  it  would  appear  that 
the  owner  should  be  afforded  some  protection  against  criminal  negli- 
gence or  collusion,  and  the  writer  would  suggest  that  the  following 
be  added  to  the  clause  as  submitted: 

"unless,  in  the  opinion  of  the  Arbitrators,  said  decision,  approval, 
or  direction  was  given  in  collusion  with  the  Contractor,  or  otherwise 
in  disregard  of  the  provisions  of  the  plans,  specifications,  and  contract 
and  the  exigencies  of  the  situation,  in  which  case  the  disputed  decision 
shall  be  reviewed  and  the  matter  finally  decided  by  the  Arbitrators." 

In  Section  III,  of  the  "Schedule  of  Conditions  of  Contract,"  the 
writer  suggests  that  the  second  sentence  be  made  to  read  as  follows : 

"Such  copies  of  all  drawings  and  specifications  as  may  be 
necessary  to  the  proper  execution  of  the  works  shall  be  furnished  by 
the  Engineer  free  of  cost  to  the  Contractor  for  his  own  use." 

The  three  sets  allowed  by  the  author  will  seldom  satisfy  the  re- 
quirements of  sub-contract  work. 

As  a  criticism  of  Section  IV,  which  follows  the  customary  prac- 
tice, the  writer  believes  that  in  all  cases  the  owner  should  furnish 
and  pay  for  the  building  permit. 

With  regard  to  Section  VII,  the  final  sentence  of  which  reads,  "No 
sub-contractors  to  whom  the  Engineer  has  made  written  objection, 
shall  be  employed,  and  the  Contractor  shall  assume  full  responsibility 


500       DISCUSSION  :   agreements   for  building   contracts 

Mr.  for  all  his  sub-contractors",  the  writer  believes  that  inasmuch  as  the 
Thurston,  contract  holds  the  original  contractor  solely  responsible  for  all  the 
works,  including  the  parts  sub-contracted,  it  is  wholly  unjust  to  place 
any  restrictions  whatever  on  the  contractor  regarding  the  sub-letting 
of  work,  it  being  entirely  reasonable,  however,  to  require  the  submis- 
sion by  the  contractor,  prior  to  the  signing  of  the  contract,  of  a  list 
of  sub-contractors  from  among  whom  he  proposes  to  make  his  choice. 

For  Section  IX,  part  of  which  reads,  "The  Contractor  shall  also 
furnish  duplicate  labelled  samples  of  materials  and  workmanship  for 
the  Engineer's  approval,  etc.",  the  writer  would  suggest  the  following 
wording  as  more  specific:  "The  Contractor  shall  also,  as  required, 
furnish  duplicate  labelled  samples  of  material  and  workmanship  for 
the  Engineer's  approval,  etc." 

The  writer  considers  Section  XII  superfluous,  in  view  of  the  fact 
that  the  contract  recognizes  only  the  engineer  in  authority  on  the 
building. 

In  Section  XIII,  the  writer  would  be  inclined  to  omit  the  proviso 
penalizing  a  contractor  for  covering  up  work  in  contravention  of  the 
engineer's  instructions,  if,  ultimately,  it  be  found  to  be  in  accord- 
ance with  the  drawings  and  specifications.  The  ignorant,  vacillating, 
but  autocratic  engineer  often  imposes  great  hardships  on  the  well- 
meaning  contractor. 

In    Section   XV,   relating  to   defective   work,   which   reads:    "Any 

defects,  shrinkage,  or  other  faults  which  may  appear  within 

months  from  the  completion  of  the  works,  and,  in  the  opinion  of  the 
Engineer,  arising  from  materials  or  workmanship  not  in  accordance 
with  the  Drawings  and  Specifications  or  the  instructions  of  the  Engi- 
neer, or  any  damage  to  pointing  by  frost,  appearing  within  the  like 
period,  shall,  upon  the  direction  in  writing  of  the  Engineer,  and  with- 
in such  reasonable  time  as  shall  be  specified  therein,  be  amended  and 
made  good  by  the  Contractor  at  his  own  expense,  unless  the  Engineer 
shall  decide  that  he  ought  to  be  paid  for  the  same,  etc.,"  the  writer 
would  eliminate  the  phrase  "or  any  damage  to  pointing  by  frost,  ap- 
pearing within  the  like  period"  as  an  unfair  and  unwarranted  attempt 
to  hold  the  contractor  for  damage  to  the  works  after  completion, 
regardless  of  whether  or  not  the  question  is  adequately  covered  in  the 
specifications  where  it  properly  belongs. 

Relative  to  Section  XVIII,  specifying  methods  of  payment  for 
extras,  the  writer  is  of  the  opinion  that  the  only  equitable  method  of 
payment  for  extra  work  is  on  the  basis  of  actual  cost,  the  contractor 
being  allowed  a  percentage  for  a  fixed  fee  as  a  net  profit  for  doing  the 
work.  The  unit-price  method  may  be  applied  to  deductions  more 
fairly  than  to  additions,  but  the  writer  believes  that  every  attempt  to 
obtain  from  the  contractor,  in  advance,  unit  prices  for  additions  and 
deductions,  results  in  either  the  contractor  or  the  owner  being  "stuck," 
unless  the  conditions  surrounding  the  work  be  uniform. 


discussion:   agreements   for  building   contracts       501 

Section  XIX,   relating  to   damage   to  persons    and    property,    the       Mr. 
writer  believes  unnecessarily  verbose.     The  following  wording  would 
be  equally  effective: 

"The  Contractor  shall  indemnify  and  save  harmless  the  Owner 
from  any  and  all  damage  to  persons  or  property  caused  by  or  inci- 
dental to,  the  prosecution  of  work  under  this  contract,  or  by  any 
act  or  acts  of  omission  or  commission  on  the  part  of  himself  or  any 
of  his  employees  during  the  life  of  this  contract." 

In  Section  XXIV,  providing  for  extensions  of  time,  the  writer 
can  see  no  reason  for  the  use  of  the  foreign  phrase,  "force  majeure", 
in  an  English  document,  every  statement  of  which  should  be  as  clear 
to  all  parties  concerned,  learned  or  illiterate,  as  the  English  language 
can  make  it. 

Referring  to  Section  XXXI,  entitled  "Liens",  the  w^riter  would 
remark  that,  in  view  of  his  experience,  it  is  possible  to  tie  up  a  con- 
tractor's money  to  his  injury  by  the  filing  of  false  liens,  withhold 
notices,  and  the  like,  this  section  should  afford  him  some  protection, 
and  would  suggest  that  the  final  sentence  be  made  to  read  as  follows : 

"Before  the  final  payment  shall  become  due,  the  Contractor  shall 
deliver  to  the  Owner  satisfactory^  releases  of  all  liens  against  the 
premises,  including  a  release  from  himself,  together  with  a  statement 
of  such  false  liens,  withhold  notices,  and  the  like,  as  may  have  been 
filed  against  him  in  connection  with  this  contract,  accompanied  by  a 
full  statement  of  the  circumstances  surrounding  each,  and  the  Owner 
shall  proceed  immediately  to  adopt  the  most  direct  means  of  paying 
the  Contractor,  without  prejudice  to  his  own  interests  in  the  build- 
ing." 

In  Section  XXXIII,  providing  for  the  termination  of  a  contract 
by  the  contractor,  there  should,  by  all  means,  be  included  provision 
for  payment  to  the  contractor,  on  account  of  anticipated  profits,  and 
the  writer  would  suggest  the  addition  of  the  following  phrase  to  the 
next  to  the  last  sentence: 

"and  in  case  the  contract  be  terminated  by  reason  of  act  or  acts  of 
omission  or  commission  by  the  Owner,  the  Contractor  shall  be  entitled 
to  recover  from  the  Owner,  in  addition  to  the  foregoing,  payment  in 
full  of  anticipated  profits  on  the  uncomi)leted  portion  of  the  contract, 
points  of  disagreement  between  Contractor  and  Engineer  to  be  sub- 
mitted to  the  Arbitrators  hereinafter  provided  for,  for  review,  their 
judgment  to  be  final  and  binding  on  both  Contractor  and  Owner." 

In  Section  XXXIV,  relating  to  arbitration,  the  second  paragraph 
will  have  to  be  altered  to  satisfy  the  general  case,  inasmuch  as  the 
provision  relating  to  the  American  Institute  of  Architects  or  the 
American  Society  of  Civil  Engineers  would  be  impracticable  of  oper- 
ation outside  of  the  vicinity  of  New  York  City. 

In  conclusion  the  writer  trusts  that  the  author  will  take  these 
criticisms  and  suggestions  in  the  friendly  professional  spirit  in  which 
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Mr.      they  are  offered,  and  will  accept  the  writer's  compliments  on  a  very 
i  urs  on.  jg;gj^j^Q    ^j^(j    well-considered    attempt    to    accomplish    a    much-needed 
reform. 

Mr.  John  Mason  Brown,  Esq.   (by  letter). — The  writer,  having  served 

for  several  years  as  Law  Clerk  to  the  Comptroller  of  the  United  States 
Treasury  (in  which  capacity  he  was  exclusively  engaged  in  the  con- 
sideration of  cases  or  claims  arising  out  of  Government  contracts), 
and  having  been  a  member  of  the  special  commission  designated  by 
President  Roosevelt  to  standardize,  as  far  as  possible,  the  forms  to  be 
used  in  Government  contracts,  and  having  lectured  on  that  subject 
before  the  United  States  Army  Engineer  School,  at  Washington 
Barracks,  Washington,  T>.  C,  naturally  takes  special  interest  in  the 
subject  with  which  this  paper  deals.  He  feels  confident  that  the  above 
mentioned  service,  together  with  his  fifteen  years  of  practice,  during 
which  time  he  has  endeavored  to  specialize  on  contract  law,  qualifies 
him  to  sympathize  with  the  author  in  the  task  he  has  undertaken. 

Despite  the  fact  that  the  Supreme  Court  of  the  United  States  has 
frequently  and  uniformly  held  that,  in  its  contractual  relationship,  the 
Government  was  vested  with  only  the  same  rights  and  subject  to  only 
the  same  obligations  as  existed  in  favor  of  or  against  an  individual,  it 
requires  no  long  memory  to  recall  the  days  when  a  large  proportion  of 
the  administrative  and  accounting  officers  and  employees  of  the  Govern- 
ment seemed  to  be  determined  to  establish  a  practice  and  theory  that 
there  were  two  separate  and  distinct  sets  of  law  in  connection  with 
Government  contracts — one  applicable  to  the  Government  alone,  and 
the  other  (always  the  more  drastic  of  the  two)  applicable  to  the  con- 
tractor alone.  As  a  matter  of  fact,  a  few  of  that  kind  can  still  be 
found;  but  fairness  demands  the  admission  that  they  are  fast  vanish- 
ing; that  a  new  order  of  things  exists  and  is  growing;  that  there  is 
now  manifested  by  the  whole  contracting  machinery  of  the  Government 
a  sincere  and  bona  fide  effort  and  determination  to  do  away  with  the 
one-sided  contracts  of  former  days,  to  draft  specifications  and  agree- 
ments which  are  equitable,  just,  and  fair  in  their  provisions,  and  there- 
after to  administer  the  same  so  that  only  the  contractor  whose  methods 
are  corrupt  or  who  does  not  properly  regard  his  contractual  obligations 
need  fear. 

Before  passing  to  a  discussion  of  Article  II  of  the  "Form  of  Agree- 
ment," attention  is  called  to  the  following  quotation  from  the  paper : 

"Liquidated  damages  should  be  a  matter  for  special  consideration 
in  each  separate  contract.  Many  Engineers  and  Owners  seem  to 
desire  them,  possibly  for  the  moral  effect  on  Contractors." 

If  the  first  sentence,  supra,  is  susceptible  at  all  of  criticism,  it  is 
so  solely  because  the  warning  and  suggestion  are  not  made  with  suffi- 
cient emphasis.     At  this  point,  however,  the  writer  would  confine  him- 
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self  to  the   statement  of  fact  contained  in  the  last  sentence   of  the    Mr. 
quotation.  ^^'^^'^• 

From  personal  knowledge  and  experience,  he  feels  well  justified  in 
stating  that  it  is  by  no  means  an  infrequent  error,  on  the  part  of 
owners,  architects,  and  engineers,  to  suppose  that  they  are  dealing  with 
contractors  who  are  ignorant  of  legal  technicalities  or  who  do  not  enjoy 
the  fullest  benefit  and  protection  of  skilled  legal  counsel.  In  the  first 
place,  the  fact  should  be  clearly  recognized  that  the  personnel  of 
"contractors"  is  very  different  to-day  from  what  it  was  twenty  years 
ago.  The  high-class  contractor  of  to-day  is,  in  the  majority  of  in- 
stances, a  college-bred  man  of  equal  training,  skill,  ability,  and  ex- 
perience with  the  engineer  or  architect  who  represents  the  contractee. 
The  "practical  man"  of  the  past  has  given  way,  in  a  large  degree,  to 
the  educated  specialist,  and  the  latter  well  knows  the  truth  of  the  old 
adage  to  the  effect  that  "he  who  acts  as  his  own  lawyer  has  a  fool  for 
a  client." 

Accordingly,  it  may  well  be  supposed  that  the  reputable,  competent, 
and  reliable  contractor  of  to-day  does  not  bid  for  work  nor  sign  a  con- 
tract therefor  without  first  seeking  competent  legal  guidance.  On  the 
contrary,  in  most  cases,  before  a  bid  is  submitted,  the  specifications 
have  been  very  thoroughly  examined  and  digested,  defects  therein  have 
been  noted  for  possible  future  use,  and  in  the  submission  of  his  bid 
or  in  the  execution  of  his  contract,  the  contractor  proceeds  with  full 
knowledge  in  advance,  not  only  as  to  his  own  obligations,  but  of  the 
weaknesses  and  defects  which  exist  against  his  contractee  as  well.  If, 
therefore,  according  to  the  suggestion  contained  in  the  quotation, 
supra,  a  clause  is  inserted  which  attempts  or  seeks  liquidation  of 
damages,  it  is  certain  that  the  intelligent  contractor  has  taken  counsel 
as  to  its  validity  and  enforcibility.  Furthermore,  personal  experience 
doubtless  has  proved  that  the  mere  insertion  of  an  attempted  stipula- 
tion for  liquidated  damages  results  in  an  increased  price  or  bid  from 
the  contractor.  This  increased  price  or  bid  may  well  be  regarded  as 
an  insurance  or  indemnity  against  possible  deduction  for  delay  tlirough 
unforeseen  causes. 

Let  it  be  assumed  that  there  is  delay,  and  that  deduction  is  made  in 
final  settlement.  The  contractor  and  his  attorneys  promptly  invoke 
legal  technicalities,  and  defeat  the  attempted  provision  for  liquidated 
damages.  The  court  holds  the  clause  defective  and  unenforcible  as 
"liquidated  damages,"  and,  under  such  circumstances,  decrees  the 
owner  entitled  to  only  such  actual  damages  as  can  be  conclusively 
proven  to  be  the  direct  and  immediate  result  of  the  breach.  The 
result  is  that  the  contractor  has  received  an  increased  price  on  account 
of  the  inserted  clause;  has  made  a  double  profit  by  reason  of  its  defeat; 
and  the  owner  is  not  fully  recouped  for  the  injury  sustained  by 
reason  of  the  fact  that  he  may  have  relied  on  the  validity  of  the  clause 
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Mr.  and,  therefore,  failed  to  keep  an  accurate  account  or  proper  evidence 
Brown.  ^£  outlay  or  other  damage  sustained  by  him. 

Having  seen  and  known  of  many  such  cases,  the  writer  would  un- 
hesitatingly say  that  he  knows  of  no  course  or  procedure  which  he 
would  more  strongly  deprecate  or  advise  against  than  the  insertion  of 
attempted  liquidated  damage  clauses  "for  moral  effect,"  or  in  terrorem, 
or  "as  a  bluff"  to  contractors.  For,  in  the  slang  parlance  of  to-day,  the 
bluff  is  sure  to  be  promptly  called;  it  is  seldom  made  good;  and  the 
owner  or  contractee,  in  most  cases,  has  to  "pay  the  piper." 

The  suggested  form  of  Article  II  of  the  "Form  of  Agreement"  is  as 
follows : 

"The  Contractor  agrees  that  the  time  for  completion  of  the  works 
shall  be  considered  as  of  the  essence  of  the  contract,  and  he  agrees  that 
for  liquidated  damages  he  will  pay  the  Owner  for  the  cost  of  all  extra 
inspection,  and  for  all  a^  ounts  paid  for  rents,  or  for  more  protracted 
services  on  the  part  of  the  Engineer,  or  Clerk  of  the  Works,  or  both, 
and  other  expenses  entailed  by  the  Owner  by  delay  in  completing  the 
contract,  and  the  Owner  shall  be  entitled  to  retain  from  the  amount 
otherwise  to  become  due  to  the  Contractor  an  amount  sufficient  to 
reimburse  properly  the  Owner  for  such  expenses.  Provided,  however, 
that  the  sum  collected   as   aforesaid  for  liquidated  damages  shall  not 

exceed  the  sum  of  $ for  each  and  every  day's  delay  not 

caused  by  the  Owner,  or  otherwise  as  provided  in  the  said  Conditions, 
Section  XXIV   (subject  to  Arbitration)." 

The  said  article,  in  other  words,  seeks  to  make  specific  stipulation: 
(i). — That  time  is  of  the  essence  of  the  contract, 
{2). — That  the  damages  for  breach  or  delay  shall  be  liquidated, 
(5). — That,  by  agreement  between  the  parties,  they  are,  in  fact. 

liquidated, 
(^). — That  the  damages,  as  so  liquidated,  shall  include  and  con- 
sist of  the  following  items  or  elements: 

(a). — The  cost  of  additional  inspection  during  the  delay 

period, 
{!)). — The  amount  expended  for  rents, 
(c). — The  salary  of  the  engineer  or  clerk  during  the  delay 

period, 
{d). — Other  expenses  "entailed  by  the  Owner,"  by  delay  in 
completing  the  contract. 
(5). — That  the  aggregate  of   such  items  shall  be  deducted  from 

moneys  otherwise  due  to  the  contractor, 
(6). — That,  however,  the  total  of  the  foregoing  "liquidated  dam- 
ages" shall  not  exceed  $ per  day. 

Of  Items  1,  2,  and  -3,  supra,  but  little  need  be  said;  for  it  is  now 
well  settled  that  one  of  the  most  cogent  reasons  and  justifications  for 
liquidated  damages  is  the  recognition  and  agreement  in  advance  by  the 
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contracting  parties  that  time  is   an   important,  if  not   a  controlling,     Mr. 
factor,  and,  therefore,  made  of  the  essence  of  the  contract.  Brown. 

Proceeding  to  the  other  items,  however,  it  is  the  writer's  opinion 
that  consideration  of  them  will  clearly  demonstrate  the  fact  that 
Article  II  as  written  is  not,  in  effect  or  legal  contemplation,  a  good, 
valid,  or  enforcible  stipulation  for  "liquidated  damages,"  but  that,  on 
the  contrary,  it  is  defective  as  such. 

Article  II,  as  quoted,  affords  a  good  example  of  what  has  already 
been  said  concerning  the  attempted  insertion  of  such  provisions  and 
of  the  increased  price  or  bid  which  they  usually  result  in  or  provoke. 

The  following  is  a  definition  of  "liquidated  damages": 

"The  damages  agreed  upon  in  advance  by  the  parties  to  a  contract 
as  and  for  coiiipensation  and  in  lieu  of  the  actual  damages  arising 
from  a  breach  of  the  contract." 

Regardless  of  the  words  "in  lieu  of  the  actual  damages,"  it  is  found 
that  Article  II,  as  suggested  in  the  paper,  provides  that  the  proposed 
"liquidation  of  damages"  shall  consist  of  and  include  the  following 
items  or  elements : 

"(a). — The  cost  of  additional  inspection  during  the  delay  period, 

"(h). — The  amount  expended  for  rents, 

"(c). — The  salary  of  the  engineer  or  clerk  during  the  delay  period." 

In  other  words,  with  the  above  definition  well  in  mind,  it  will  be 
found  that  the  suggested  Article  II  seeks  to  provide  for  "liquidated 
damages,"  and  yet,  in  the  same  breath,  proceeds,  with  detailed  pre- 
cision, to  designate  each  and  all  the  items  of  actual  loss  which  shall  be 
regarded  as  the  elements  of  the  proposed  liquidation. 

Article  II,  as  suggested,  designates  no  item  as  an  element  of  damage 
which  is  not  susceptible  of  definite  and  exact  ascertainment,  both  as  to 
amount  and  extent;  and  the  question,  therefore,  may  well  be  asked 
why  an  effort  or  attempt  should  thus  or  ever  be  made  to  provide  for 
liquidated  damages  when,  from  the  very  phraseology  of  Article  II,  it  is 
manifestly  an  indisputable  fact  that  there  exists  or  can  exist  neither 
doubt  nor  difficulty  in  ascertaining  and  determining  the  exact  extent 
and  amount  of  the  actual  damages  which  will  result  from  breach 
or   delay. 

On  its  face,  such  a  provision,  as  the  writer  conceives  it,  is  incon- 
sistent with  the  theory  on  which  liquidated  damages  are  sanctioned  at 
all,  and  the  reasoning  which  has  led  to  their  justification.  They  are 
intended  to  be  "in  lieu  of  the  actual  damages  which  may  flow  from  a 
breach  of  contract."  If  one  delves  into  the  philosophy  of  the  law  and 
into  the  history  of  the  development  of  the  law,  in  so  far  as  it  relates 
to  this  particular  topic  (as  distinguished  from  mere  case  law),  the 
writer  feels  confident  that  the  author  will  agree  that  the  very  raison 
d'etre  of  "liquidated  damages"  is  represented  by  two  essentials,  namely, 
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Mr.  (1),  that  time  is,  in  reality,  an  essential  feature;  (2)  that  the  damages 
which  will  be  sustained  by  the  contractee  as  a  result  of  breach  or 
delay,  by  the  contractor,  are  essentially  of  such  nature,  character,  and 
kind,  as  to  render  them  not  susceptible  of  definite  ascertainment  and 
determination. 

Since,  therefore,  the  items  of  damage  provided  for  in  Article  II 
are  so  easily  susceptible  of  exact  ascertainment,  why  attempt  to  liqui- 
date the  damages?  Why  seek  to  do  that  which  is  already  done  by  the 
common  law? 

The  American  courts  uniformly  recognize  and  follow  the  doctrine 
laid  down  in  the  leading  English  case  of  Hadley  versus  Baxendale, 
9  Exc,  page  431,  wherein  it  was  held  that  breach  of  contract  by  one 
party  clearly  entitles  the  other  party  "to  those  damages  which  may  be 
fairly  and  reasonably  considered  as  naturally  arising  from  the  breach." 
Applying  the  foregoing  principle  to  a  case  involving  a  contract  for 
the  erection  of  a  building,  the  conclusion  is  inevitable  that  the  law — 
the  common  law — makes  the  defaulting  or  tardy  contractor  liable  for 
such  actual  damages  as  flow  directly  from  his  breach. 

There  are  a  vast  number  of  cases  wherein  the  courts  have  held  that 
these  common  law  damages  include  the  actual  loss,  damage,  or  expense, 
to  which  the  owner  or  contractee  is  put,  by  reason  of  the  breach  or 
delay;  but  if  one  should  attempt  to  particularize,  suffice  it  to  say  that 
these  cases  hold  that: 

(1). — The  cost  of  inspection  during  the  delay  period, 
(2). — The  salary  of  the  engineer  during  the  delay  period, 
(3). — Any  additional  cost  or  expense  made  necessary  by  the  breach, 
(Jf). — The  value  of  lost  rentals  during  the  period  of  delay,   are, 
each   and   all,   the   proper   elements   of   damage   for  which   a 
defaulting  contractor  is  liable. 

The  writer  would  strongly  impress  upon  all  the  very  important 
fact  that  to  secure  any  such  redress  or  rights  to  the  owner,  in  case  of 
breach  or  default  on  the  part  of  the  contractor,  it  is  not  necessary  to 
make  express  provision  or  stipulation  therefor  in  the  contract.  The 
common  law  has  already  imposed  that  liability  on  the  contractor;  the 
courts  have  uniformly  upheld  it;  and  it  is  indeed  unnecessary  to  stipu- 
late in  the  body  of  a  contract  that  a  defaulting  contractor  shall  be 
subject  to  the  law  and  the  obligations  which  it  imposes. 

In  the  body  of  Clause  2  (referred  to  in  the  foregoing  tabulation  as 
Jf-d)  is  provided  that,  as  an  element  of  damage  to  be  charged  against 
the  contractor  in  case  of  breach,  shall  be  the  following: 

"Other  expenses  'entailed  by  the  Owner,'  by  delay  in  completing 
the  contract." 

The  writer  assumes  that  the  foregoing  language  does  not  correctly 
represent  the  intention,  inasmuch  as  a  literal  application  of  the  words 
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used  has  the  effect  of  making  a  defaulting  contractor  bear  the  burden    Mr. 
of  "other  expenses  entailed  by  the  owner  by  delay  in  completing  the   ''*^^^- 
contract."    Possibly  it  was  the  intention  to  use  such  a  word  as  "sus- 
tained" or  "incurred"  in  lieu  of  the  word  "entailed,"  but  if  the  word 
"entailed"  be   allowed   to   remain,   to   follow  it  by  the  word   "upon" 
instead  of  "by." 

The  foregoing,  however,  in  small  degree  affects  what  the  writer  has 
already  stated,  if  it  be  assumed  that  this  last  clause  provides  for  the 
deduction  of  other  expenses  "sustained  by  the  owner"  by  reason  of  the 
delay  on  the  part  of  the  contractor  in  completing  the  contract.  This 
is  merely  an  element  of  actual  damage,  and,  by  the  use  of  proper 
accounting  methods,  should  be  easily  susceptible  of  definite  ascertain- 
ment as  to  amount  and  extent. 

The  proviso  contained  in  the  last  sentence  of  Article  II  is  a  very 
interesting  one,  inasmuch  as  it  provides  that  the  aggregate  of  the 
above-mentioned  items  of  damage,  designated  as  "liquidated  damages," 

shall  not  exceed  the  sum  of  $ for  each  and  every  day  of 

delay.  If  no  attempt  were  made  by  Clause  2  to  provide  for  "liquidated 
damages,"  but,  on  the  contrary,  a  mere  stipulation  for  the  deduction 
of  the  aggregate  of  several  definite,  specific  items  of  damages  or  ex- 
penses, each  and  all  of  them  being  readily  susceptible  of  exact  ascer- 
tainment, then  and  in  that  event,  one  would  be  inclined  to  believe 
that  the  stipulation  contained  in  the  proviso  of  Article  II  might  be 
regarded  as  neither  "liquidated  damages"  nor  as  a  "penalty,"  but  rather 
as  a  stipulation  fixing  the  maximum  liability  of  the  defaulting  con- 
tractor by  reason  of  such  items.  Even  such  a  construction  of  this 
clause  would  be  difiicult  to  reach.  For  the  contract  provides  for  the 
deduction  of  the  actual  amounts  of  such  items,  and,  in  the  same  breath, 
seeks  to  limit  the  amount  of  the  actual  total. 

The  use  of  the  words  "liquidated  damages"  in  Clause  2,  however, 
precludes  the  idea  of  the  construction  just  suggested;  and,  by  reason 
of  the  use  of  the  term  "liquidated  damages,"  a  consideration  of  the 
whole  of  Article  II  involves  the  question  whether  it  will  be  regarded 
and  enforced  as  a  provision  for  "liquidated  damages"  or  whether  it 
will  be  construed  as  providing  for  a  penalty,  and  the  measure  of 
damage  in  either  event. 

In  the  leading  case  of  Sun  Printing  and  Publishing  Association  vs. 
Moore,  183,  U.  S.,  642,  et  seq.,  the  Supreme  Court  of  the  United  Statss, 
in  a  most  scholarly  and  exhaustive  opinion  on  the  subject  of  liquidated 
damages,  used,  in  part,  the  following  language: 

"The  decisions  of  this  court  on  the  doctrine  of  liquidated  damages 
and  penalty  lend  no  support  to  the  contention  that  parties  may  not 
hona  fide,  in  a  case  where  the  damages  are  of  an  uncertain  nature, 
estimate  and  agree  upon  the  measure  of  damages  whicli  may  be  sus- 
tained from  the  breach  of  an  agreement.     On  the  contraiy,  this  court 
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Mr.  has  consistently  maintained  the  principle  that  the  intention  of  the 
Brown,  parties  is  to  be  arrived  at  by  the  proper  construction  of  the  agreement 
made  between  them,  and  that  whether  a  particular  stipulation  to  pay 
a  sum  of  money  is  to  be  treated  as  a  penalty,  or  as  an  agreed  ascertain- 
ment of  damages,  is  to  be  determined  by  the  contract,  fairly  construed, 
it  being  the  duty  of  the  court  always,  where  the  damages  are  un- 
certain and  have  been  liquidated  by  an  agreement,  to  enforce  the 
contract." 

The  foregoing  quotation,  from  the  highest  National  tribunal,  clearly 
reflects  the  attitude,  on  the  same  subject,  of  many  of  the  State  courts 
of  last  resort,  to  the  effect  that  the  courts  are  not  disposed  to  uphold 
an  attempted  provision  for  "liquidated  damages,"  merely  because  the 
term  "liquidated  damages"  appears  on  the  face  of  the  contract;  that 
the  uncertainty  of  the  damages  which  may  result  from  the  breach  is 
a  vital  element  and  a  proper  reason  for  a  provision  for  liquidated 
damages;  and  that  where  the  actual  damages  are  not  susceptible  of 
definite  ascertainment,  but  have  been  bona  fide  liquidated  by  an  agree- 
ment, the  sum  stipulated  as  liquidated  damages  being  on  the  face  of 
the  contract  in  a  reasonable  amount  and  not  manifestly  dispropor- 
tionate and  excessive,  such  a  stipulation  will  be  upheld. 

In  the  clause  suggested,  however,  each  and  all  of  the  items  are 
susceptible  of  definite  ascertainment  and  determination  as  to  amount 
and  extent;  the  sum  stipulated  as  "liquidated  damages"  is  in  lieu  of 
such  ascertainable  amount;  and  it  is,  therefore,  the  writer's  opinion. 
by  reason  of  the  foregoing,  that,  if  the  clause  suggested  were  subject 
to  the  scrutiny  of  the  courts,  it  would  be  held  to  be  a  defective  and 
imperfect  attempt  to  liquidate  the  damages,  would  be  disregarded  as  a 
liquidation  of  damages,  and,  by  consequence,  would  be  construed  as 
providing  for  penalty. 

If  the  contract  be  thus  construed  as  containing  a  defective  attempt 
to  liquidate  damages  and,  therefore,  as  providing  for  a  penalty,  the 
stipulation  contained  in  the  clause  for  the  payment  of  a  certain  sum 
in  case  of  breach  or  default,  is  not  controlling  and  does  not  limit  to 
that  sum  the  liability  of  the  defaulting  contractor.  On  the  contrary, 
if  the  contract  be  construed  as  providing  for  a  penalty,  if  a  breach  on 
the  part  of  the  contractor  has  occurred,  the  contractor  becomes  liable 
for  the  actual  damages  which  may  have  been  caused  by  his  breach, 
without  regard  to  the  sum  named,  and  without  regard  to  any  excess 
over  the  stipulated  amount.* 

Attention  is  called  to  Section  XXIII  of  the  "Schedule  of  Condi- 
tions of  Contract." 

*  Foley  vs.  McKeegan,  66  Amer.  Dec,  107;  Lord  vs.  Gaddis,  9  Iowa.  267;  Shreve  vs.  Brere- 
ton,  51  Pa.  St.  Rep.,  175;  Hale  on  Damages,  127;  Graham  vs.  Bickhan,  4  Dallas  (U.  S.),  143; 
Amer.  &  Eng.  Encyc.  Law,  Vol.  13,  pp.  867-868;  Noyes  vs.  Phillips,  60  N.  Y.,  408. 

Reference  should  also  be  made  to  "  Architectural  and  Engineering  Jurisprudence."  by 
John  C.  Wait,  in  Sections  315,  316,  317,  318,  319,  320,  and  322,  of  which  will  be  found  a  very 
complete  compilation  of  citations  from  the  various  courts  of  last  resort. 
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The  second  paragraph  reads  as  follows:  Mr. 

"Should  the  Contractor,  by  his  own  fault  or  negligence,  unneces- 
sarily delay  the  completion  of  the  work,  thereby  necessitating  unusual 
or  more  protracted  services  on  the  part  of  the  Engineer  or  the  Clerk 
of  the  Works,  or  both,  the  Owner  shall  be  entitled  to  retain  from  the 
amount  otherwise  to  become  due  the  Contractor  an  amount  sufficient 
to  reimburse  properly  either  the  Engineer  or  the  Clerk  of  the  Works, 
or  both,  for  such  protracted  or  unusual  services  (subject  to  Arbitra- 
tion)." 

Of  this  Section  the  author  states: 

"This  section  should  be  read  in  connection  with  any  damages  to  be 
allowed  under  Article  II  of  the  Agreement.  It  should  be  distinctly 
stated  in  the  Agreement  whether  or  not  the  specified  sum  for  damages 
includes  the  protracted  services  of  the  Engineer,  etc.,  herein  mentioned. 
In  many  cases,  compensation  for  such  protracted  services  might  be  all 
the  damage  that  should  justly  be  demanded." 

If,  in  their  general  conditions,  the  specifications  forming  a  part 
of  the  contract  contain  such  a  provision  as  that  just  quoted  from 
Section  XXIII,  it  would  indeed  afford  the  strongest  evidence  and  the 
best  possible  basis  for  argument  that  the  stipulation  in  Article  II  of 
the  suggested  "Form  of  i^reement"  provides  for  a  penalty  and  not  for 
"liquidated  damages."  It  is  true  that  where  the  specifications  and  the 
formal  contract  conflict,  the  provisions  of  the  latter  instrument  prevail 
and  control;  but  it  is  equally  true  that  in  cases  of  seeming  conflict  and 
ambiguity,  it  is  a  common  practice  to  read  the  two  together,  in  order 
that  the  apparent  intention  of  the  contracting  parties  may  be  sought 
and  found. 

With  the  author's  dictum  in  connection  with  the  proposed  Section 
XXIII,  the  writer  is  unable  to  agree.  It  is  neither  essential  nor 
desirable  that  the  agreement  should  state,  either  in  the  body  of  the 
contract  or  in  the  general  conditions  of  the  specifications,  that  "the 
specified  sum  for  damages  includes  the  protracted  services  of  the  Engi- 
neer, etc."  For,  if  the  contract  be  held  to  provide  validly  for  liquidated 
damages,  it  is  indeed  unnecessary  to  specify  in  detail  the  elements 
which  go  to  make  up  the  stipulated  amount.  For  that  sum,  if  the 
liquidation  be  valid,  is  in  lieu  of  the  actual  damages,  and  it  is  in  no 
sense  influenced  in  such  a  case  by  the  recitation  of  its  component 
elements.  On  the  other  hand,  if  the  attempted  liquidation  be  held 
invalid  and  unenforcible,  then  it  is  likewise  unnecessary  to  make  the 
suggested  stipulation.  For,  if  the  contract  be  construed  as  providing 
for  a  penalty,  then  as  before  stated,  the  breach  by  the  contractor 
entitles  the  contractee  to  his  actual,  proven,  and  direct  loss,  damages, 
or  additional  expense,  and  the  courts  have  held  that  the  salary  of  the 
engineer  or  inspector  during  the  delay  period  is  a  proper  element  of 
damage  to  be  recovered.     If,  therefore,  as  shown,  the  common  law  in 
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Mi.  this  latter  case  sanctions  the  recovery  of  this  item,  why  seek  to  specify 
for  it  or  to  reaffirm  the  law  from  which  one  cannot  escape? 

It  is  earnestly  hoped  that  the  foregoing  will  not  be  construed 
either  as  a  statement  or  as  an  evidence  of  belief  on  the  writer's  part 
that  a  valid  and  thoroughly  enforcible  stipulation  for  liquidated  dam- 
ages for  each  and  every  day  of  delay  cannot  be  inserted  in  a  building 
agreement.  He  intends  to  convey  no  such  impression  and  to  justify 
no  such  conclusion.  He  has  not  attempted  to  consider  the  whole  sub- 
ject in  this  discussion  but,  on  the  contrary,  has  confined  himself  to  a 
consideration  of  the  provisions  contained  in  the  paper. 

Attention  is  called  to  one  other  point,  namely,  if  liquidated  damages 
are  not  provided  for  in  the  contract,  but,  if,  on  the  other  hand,  it  be 
the  intention  and  desire  of  the  owner  or  his  architect  to  hold  the 
defaulting  contractor  responsible  only  for  the  actual  loss,  damage,  or 
additional  expense  occasioned  through  his  default  or  delay,  then  the 
writer  would  very  strongly  advise  against  an  attempted  enumeration 
of  the  items  of  damage  for  which  the  contractor  shall,  in  such  event, 
be  held  responsible.  It  is  difficult  to  provide  for  greater  redress  or 
better  protection  than  the  common  law  affords.  On  the  other  hand, 
it  is  dangerous  to  attempt  to  enumerate  specific  items  or  elements  of 
actual  damage  which  will  be  enforced;  for,  in  such  attempt,  it  will 
often  be  found  that  the  contractor's  attorney  will  invoke,  and  the 
courts  sustain,  the  ancient  doctrine  of  Unius  inclusio  est  exclusio 
alterius.  In  other  words,  the  courts  have  held  very  consistently  that 
where  a  contracting  party  stipulates  in  detail  for  certain  items  or 
elements  of  damage,  he  will  be  presumed  to  have  waived  the  common- 
law  rule  of  damages  and  to  have  stipulated  for  the  only  protection  and 
redress  which  he  desires. 

The  writer  sincerely  hopes  that  what  he  has  stated  in  this  discussion 
will  be  accepted  in  the  spirit  in  which  it  is  meant.  He  realizes  per- 
fectly that  it  is  incomplete  by  reason  of  the  small  amount  of  time 
which  he  has  devoted  to  it.  He  is  deeply  interested  in  the  subject,  and 
the  difference  of  view  which  he  has  taken  is  prompted  only  by  the  most 
friendly  spirit  and  his  earnest  desire  to  see  many  mistakes  of  the  past 
corrected  and  a  more  harmonious  relationship  promoted  between  par- 
ties to  building  and  engineering  agreements.  Much  of  what  he  has 
said  is  inapplicable  to  contracts  for  essentially  engineering  proposi- 
tions; but  as  the  writer  understands  that  the  paper  relates  purely  to 
building  agreements,  he  has  confined  his  remarks  to  contracts  of  that 
class. 

Mr.  J.   A.  L.  Waddell,  M.   Am.   Soc.   C.  E.    (by  letter). — This  paper 

■  marks  an  important  advance  in  the  writing  of  engineering  contracts. 
In  discussing  it  little  can  be  said  except  to  approve,  for  there  are  few 
points  to  criticize  and  none  to  condemn. 
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The  general  feature  of  absolute  fairness  to  the  contractor,  which  Mr. 
is  characteristic  of  the  paper,  is  highly  commendable.  Too  many  *  ^  ' 
employers  try  to  treat  their  engineers  merely  as  hired  men  who  are 
paid  to  do  simply  as  they  are  told,  and  to  work  solely  in  the  interests 
of  their  principals,  whether  the  latter  be  in  the  right  or  in  the  wrong. 
No  self-respecting  engineer  will  lend  himself  to  such  a  degradation  of 
his  profession  and  to  such  a  stultification  of  his  ideas  of  equity  and 
justice.  The  writer  remembers  being  called  severely  to  task  by  one  of 
his  principals  for  being,  in  the  opinion  of  the  same,  too  liberal  to  a 
contractor.  Waxing  wroth,  the  principal  remarked,  "What  do  I  pay  you 
for,  anyway  ?"  to  which  the  writer  replied,  "Whatever  it  may  be,  it  cer- 
tainly is  not  for  skinning  your  contractors."  The  status  of  the  engi- 
neer in  his  dealings  between  principal  and  contractor  ought  to  be 
distinctly  and  authoritatively  defined  by  the  Engineering  Profession 
as  a  whole,  as  being  that  of  a  judge  and  never  that  of  a  partisan. 

Mr.  Bamford  enumerates  six  methods  of  contracting  for  work,  but 
he  omits  one,  which,  in  the  writer's  opinion,  is  far  better  than  any  of 
the  others,  viz.,  that  of  unit  prices  for  all  materials  in  final  place  on 
the  work.  The  writer  has  used  this  method  almost  exclusively  for 
nearly  a  quarter  of  a  century,  and  has  invariably  found  it  to  be  satis- 
factory to  all  parties  concerned,  because  the  contractors  are  paid  for 
exactly  what  materials  they  furnish  and  for  what  work  they  perform — 
no  more  and  no  less. 

The  main  objection  to  the  lump-sum  basis  is  that  the  contractor 
is  constantly  tempted  to  cut  down  the  quantities  of  materials  entering 
into  the  work,  and,  in  consequence,  there  is  continual  friction  between 
him  and  the  engineer,  the  result  generally  being  that,  in  spite  of  the 
vigilance  of  the  latter,  less  materials  are  used  than  are  called  for  by  the 
plans.  This  is  eminently  true  in  the  manufacture  of  bridge  super- 
structures. If  the  engineer's  plans  and  specifications  are  thoroughly 
and  properly  prepared,  any  omission  of  materials  or  cheapening  of 
work  is  a  detriment  to  the  construction. 

It  is  sometimes  claimed  that  when  the  contractor  is  paid  by 
schedule  rates,  there  is  a  tendency  for  him  to  put  in  more  materials 
than  are  called  for  by  the  plans.  This  criticism  of  the  unit-price 
method  applies  mainly  to  the  manufacture  of  metal- work,  in  which 
there  is  a  certain  permissible  variation  of  weight;  but  the  writer 
notices  that,  as  his  specifications  state  distinctly,  "if  the  excess  allow- 
ance be  over-run  the  extra  amount  will  not  be  paid  for,"  he  never 
has  any  trouble  with  his  contractors,  because  of  excess  in  quantities. 

Any  method  of  paying  for  work  at  cost  plus  a  percentage  or  cost 
plus  a  lump  sum  is  unsatisfactory  and  always  unnecessarily  expensive 
for  the  principal,  because,  no  matter  how  honest  the  contractor  may  be 
personally,  nor  how  much  he  may  desire  to  expedite  construction  or 
economize  thereon,  it  is  absolutely  impossible  under  such  conditions 
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Ml.  to  force  his  employees  to  do  the  full  amount  of  work  which  they  would 
^  ^  ■  perform  if  they  knew  that  the  effectiveness  of  their  labor  would  result 
in  his  personal  benefit  and  not  in  that  of  the  company.  The  old  adage 
that  "the  company's  rich"  is  both  quoted  and  acted  on  by  the  laborers, 
when  their  employer  is  paid  on  the  basis  of  actual  cost  plus  a  bonus; 
and  nothing"  can  prevent  the  continuance  of  its  injurious  influence 
under  such  a  condition.  The  writer  knows  whereof  he  speaks,  for  he 
was  once  compelled  by  unusual  conditions  to  let  some  $2  000  000  worth 
of  construction  at  cost  plus  a  percentage,  and  although  the  contractors 
themselves  were  faithful  and  honorable,  their  employees  could  not  be 
forced  to  do  an  honest  day's  work.  In  the  writer's  opinion,  the  cost- 
plus-a-bonus  method  of  letting  work  should  be  treated  as  a  last  resort. 

Contracts  and  specifications  should  be  drawn  as  full  and  complete 
in  detail  as  they  can  be  made.  Any  omission  or  ambiguity  in  them 
will  result  in  loss  to  one  of  the  two  parties  to  the  contract — and  some- 
times to  both.  Usually,  though,  the  loss  falls  on  the  principal,  if 
the  matter  gets  into  the  courts,  for  the  reason  that  the  under  dog 
generally  gets  the  most  sympathy.  The  writer  has  always  endeavored 
to  make  his  contracts  and  specifications  full  and  complete;  and  the 
more  his  experience  has  increased,  the  more  elaborate  have  they  become, 
until  now  each  contract  and  specification  is  almost  a  treatise.  He 
has  been  adversely  criticized  at  times  for  this,  but  sees  no  good  reason 
for  changing  his  practice.  Several  years  ago,  in  calling  for  bids  on 
some  foreign  bridge  work,  he  took  special  pains  to  investigate  the  con- 
ditions affecting  the  erection  and  to  describe  them  in  detail  in  the 
specifications.  For  so  doing  he  was  called  to  task  by  the  chief  engi- 
neer of  the  railroad,  who  said,  "Let  each  bidder  go  over  the  ground 
and  find  out  such  things  for  himself.  If  he  makes  a  mistake,  he  will 
have  to  stand  the  loss  involved;  but,  if  any  of  your  statements  are 
wrong,  the  company  will  be  held  responsible  for  them."  Such  a  policy, 
besides  being  dishonest,  is  short-sighted;  for  if  a  contractor  makes  a 
mistake  in  his  estimates  and  obtains  a  contract  for  less  than  the  cost 
of  the  work,  he  will  either  throw  up  the  job  or  find  some  means  of 
cheapening  the  construction  so  as  to  complete  the  work  without  loss 
to  himself.  Again,  when  the  information  given  in  the  specifications  is 
meager,  in  order  to  protect  themselves  the  bidders  will  tender  high, 
and  thus  the  illegitimate  object  of  the  writer  thereof  will  be  defeated. 
Personal  experience  has  proved  to  the  writer  that  the  more  complete 
and  thorough  the  information  given  in  the  specifications  about  any 
proposed  work,  the  lower  will  be  the  tenders  received. 

The  English  method  of  "Quantity  Surveying,"  mentioned  by  the 
author,  is  cumbersome  and  not  adapted  to  hurried  work;  for  not  only 
must  all  plans  be  finished  in  detail  before  bids  are  called  for,  but  also 
complete  and  accurate  bills  of  all  materials  must  be  given  in  the 
specifications. 
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In  calling  for  tenders  by  unit  prices,  the  writer  makes  a  practice  Mr. 
of  giving,  in  his  specifications,  an  approximate  list  of  quantities  of 
all  the  materials  which  will  probably  enter  into  the  construction,  and 
this  list  is  used  in  comparing  the  different  bids  submitted;  but  it  is 
always  distinctly  stated  that  the  company  shall  not  be  held  responsible 
in  any  way  for  the  correctness  of  these  approximate  figures.  The  esti- 
mate for  such  quantities  is  easily  and  quickly  made,  and  it  serves  its 
purpose  quite  as  well  as  a  much  more  exact  one. 

The  author's  clause  concerning  liquidated  damages  is  notably 
just  and  equitable,  but  its  application  would  generally  involve  great 
difficulty  in  determining  just  what  total  expense  the  owner  has  been 
put  to  because  of  the  contractor's  delay.  The  writer  thinks  that  his 
own  method  of  stating  in  the  specifications  an  amount  of  liquidated 
damages  for  each  day  of  delay,  and  of  not  enforcing  the  said  damages 
without  good  and  sufficient  reason,  while  theoretically  not  quite  as 
I)erfect  as  the  author's  method,  is  practically  much  less  difficult  to  apply. 

The  writer  endorses  the  author's  method  of  dealing  with  the  ques- 
tion of  retained  percentage.  It  is  quite  an  improvement  on  the  one 
now  in  vogue  in  America. 

The  writer  is  pleased  to  note  that  Mr.  Bamford  insists  that  all 
plans  are  the  property  of  the  engineer  who  made  them,  and  that  the 
contractor,  on  the  completion  of  the  contract,  must  return  to  him  all 
copies  thereof.  The  right  of  an  engineer  to  retain  possession  of  his 
designs,  after  they  have  been  utilized  by  his  principals  or  others  who 
have  paid  for  their  use,  is  not  generally  acknowledged  by  the  public; 
but  it  is  hoped  that  the  time  is  not  far  distant  when  American 
engineers  will  be  protected  effectively  from  the  theft  of  the  product 
of  their  brains. 

In  regard  to  extras  on  construction,  in  the  writer's  practice,  which 
involves  payments  by  schedule  rates,  any  extras  which  may  arise, 
pertain  to  labor  and  materials  which  were  not  contemplated  when  the 
specifications  were  drawn;  and  he  always  endeavors  to  arrange,  in 
advance  of  the  construction  involving  these  extras,  a  special  schedule 
price  (or,  in  certain  cases,  a  lump  sum)  to  cover  them,  notwithstand- 
ing the  fact  that  his  latest  specifications  provide  that  such  extras  are 
to  be  paid  for  at  the  actual  cost  of  the  materials  and  labor  involved, 
plus  20%  for  profit,  no  allowance  being  made  for  use  of  plant,  adminis- 
tration, insurance,  interest,  or  any  other  item,  except  the  said  materials 
and  labor.  This  arrangement  is  quite  as  advantageous  for  the  owner 
as  the  ordinary  one  of  paying  10%  of  the  cost  for  profit,  and  per- 
mitting the  contractor  to  introduce  all  kinds  of  expenses  to  swell  the 
amount  of  his  bill. 

For  many  years  the  writer  has  had,  in  his  personal  contracts  with 
his  principals,  a  clause  by  which  the  owner  sluill  withhold  from  the  con- 
tractor's final  compensation,  even  if  the  liquidated  damages  clause  of 
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M..  the  contract  between  owner  and  contractor  is  waived,  a  sufficient 
amount  to  compensate  the  engineer  for  all  losses  due  to  the  contractor's 
failure  to  complete  his  entire  work  in  the  contract  time.  This  policy 
was  adopted  after  several  unfortunate  experiences.  The  writer  is 
glad  to  see  that  Mr.  Bamford  provides  for  such  an  arrangement  in  his 
form  of  contract. 

The  author's  clause  in  relation  to  "Extension  of  Time"  is  excel- 
lent. It  outlines  the  course  which  every  just  engineer  should  adopt 
in  case  of  delays. 

His  provision  for  the  termination  of  a  contract  by  the  contractor 
for  good  and  sufficient  reason  is  an  advance  along  the  lines  of  equity 
and  justice,  and  it  ought  to  commend  itself  for  adoption  by  all  right- 
minded  engineers. 

The  settlement  of  all  disputed  points  by  arbitration  is  theoretically 
an  ideal  means,  in  that  it  should  save  much  time  and  money;  but. 
unfortunately,  in  America  either  party  has  a  right  to  appeal  to  the 
courts  against  the  decision  of  the  arbitrators,  thus  rendering  all  their 
work  null  and  void;  hence,  it  is  advisable  that,  before  referring  the 
evidence  to  the  arbitrators,  each  party  should  give  a  bond  involving  a 
large  forfeit  to  the  other  party  in  case  he  fails  to  accept  the  award  of 
the  arbitrators. 

Mr.  Bamford's  idea  of  damages  for  submission  to  arbitration,  or,  in 
other  words,  compensation  by  the  party  found  to  be  in  the  wrong  to 
the  other  party,  for  the  latter's  expenses  connected  with  the  arbitration, 
his  loss  of  time,  etc.,  is  a  step  in  the  right  direction,  which  the  writer 
would  like  to  see  established  as  a  precedent,  not  only  in  arbitrations, 
but  also  in  courts  of  law.  It  has  always  appeared  to  him  to  be  rank 
injustice  that  a  rich  scoundrel  should  be  allowed  to  force  a  much 
poorer  man  to  go  to  law  in  order  to  obtain  his  rights,  and  after  he 
has  finally  won  them  from  the  court  of  last  appeal,  to  be  compelled  to 
pay  all  that  he  has  won  (and  sometimes  even  more)  to  his  lawyers, 
his  witnesses,  the  court  clerks,  stenographers,  and  other  claimants. 
It  would  be  far  better  for  the  court  to  make  the  losing  party  pay  all 
such  expenses. 

There  is  no  mention  in  Mr.  Bamford's  "Schedule  of  Conditions  of 
Contract,"  nor  in  the  "Agreement"  itself,  of  a  bond  guaranteeing  the 
completion  of  the  work  according  to  the  terms  of  the  contract  and 
specifications.  This  is  an  important  feature,  and  it  should  never  be 
ignored,  unless  the  contractor  be  of  such  high  business  standing  that  a 
guarantee  is  unnecessary.  For  instance,  it  is  not  customary  to  ask 
large  bridge  manufacturing  companies  to  give  bond  for  the  manu- 
facture of  bridge  superstructures,  although  it  might  be  advisable  to 
insist  on  a  guarantee  in  case  they  undertake  the  erection  also. 

The  writer*  gives  the  following  clause  in  relation  to  bond: 

*  "Specifications  and  Contracts,"  p.  79. 
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"The  Contractor  further  agrees  to  give  to  the  Company  a  surety-      Mr. 
company  bond,  satisfactory  to  the  party  of  the  first  part  in  the  sum^^^'^®'^- 
of 

for  the  faithful  performance  of  this  contract  and  the  specifications, 
and  of  all  the  terms  and  conditions  therein  contained,  and  for  the 
prompt  payment  for  all  materials  and  labor  used  in  the  manufacture 
and  construction  of  the  structures,  and  to  protect  and  save  harmless 
the  Company  from  claims  on  patents  and  from  all  damages  to  persons 
or  property,  caused  by  the  negligence  or  claim  of  negligence  of  the 
Contractor,  his  agents,  servants,  or  employees  in  doing  the  work,  or  in 
connection  therewith,  and  from  injury  to  or  loss  of  materials  paid  for 
by  the  Company  either  partially  or  in  full  before  the  completion  and 
acceptance  of  the  construction  or  constructions." 

Incidentally,  it  might  be  mentioned  that,  as  far  as  the  writer's 
experience  is  concerned,  a  surety-company  bond  is  the  only  kind  which 
is  in  every  way  satisfactory.  The  obtaining  of  it  by  the  contractor  is 
simply  a  matter  of  business,  and  is  in  no  sense  a  favor,  as  most 
personal  bonds  usually  are. 

The  proper  dividing  line  between  any  contract  and  its  accompany- 
ing specifications  is  still  a  moot  point  among  engineers.  The  writer's 
practice  is  to  put  everything  possible  into  the  specifications  and  thus 
reduce  the  length  of  the  contract  proper  to  a  minimum,  but  it  is 
evident  from  the  paper  that  the  author  does  not  agree  with  him  on 
this  question. 

Mr.  Bamford  is  to  be  congratulated  on  having  prepared  and 
presented  to  the  Society  such  a  thorough  and  complete  paper  on  a 
subject  which  is  of  the  greatest  importance  to  the  entire  Engineering 
Profession.  It  is  worthy,  not  only  of  perusal,  but  also  of  discussion 
by  the  most  active  and  prominent  members  of  the  Society,  especially 
by  those  who  are  engaged  in  consulting  practice. 

De  Witt  V.  Moore,  Esq.  (by  letter). — The  suggestions  submitted  by  Mr. 
Mr.  Bamford  are  opportune  and  of  the  most  vital  importance  to  all  who  ^°'^''®- 
are  interested  in  building  construction.  In  the  main,  the  writer  is  in 
harmony  with  these  suggestions  and  only  desires  to  mention  a  few 
points  where  possibly  his  personal  experience  may  be  of  benefit.  The 
time  has  come  when  the  present  forms  of  agreements  and  specifications 
should  be  thoroughly  revised  and  all  obsolete  and  unfair  clauses  and 
stipulations  eliminated. 

In  no  line  of  construction  work  has  there  been  more  progress  than 
in  the  intellectual,  educational,  and  technical  improvement  of  the 
personnel  of  those  engaged  in  the  vocation  of  contracting.  As  a  Member 
of  the  American  Society  of  Engineering  Contractors,  the  writer  asks 
that  the  engineering  contractor's  advice  be  requested  on  this  subject, 
to  the  end  that  all  may  profit  by  his  practical  experiences  and,  further, 
that  all  may  work  in  a  closer  relationship  of  mutual  respect. 

No  attempt  will  be  made  here  to  discuss  the  wording  of  the  paper, 
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Mr.     as  the  writer  feels  that  this  is  a  subject  for  very  careful  consideration 
■  by  a  special  committee,  preferably  a  joint  committee  from  all  the  in- 
terested organizations. 

The  writer  cannot  quite  agree  with  Mr.  Bamford's  division  of  the 
systems  of  contracting  into  two  general  classes.  He  believes  so  thorough- 
ly in  the  "cost  plus  a  fixed  sum  with  a  guarantee  of  the  cost,  or  with 
a  bonus  and  penalty  clause"  form  of  contract,  that  he  thinks  this 
method  is  deserving  of  a  classification  of  its  own,  or,  in  other  words,  he 
would  divide  the  systems  into  three  classes.  It,  therefore,  follows  that  he 
believes  the  "cost  plus  a  fixed  sum"  form  of  contract  to  be  preferable 
to  any  other. 

He  also  cannot  agree  that  the  lump-sum  contract  is  the  more  eco- 
nomical. In  his  judgment,  the  cost  plus  a  fixed  sum  contract  with  a 
bonus  and  penalty  clause  occupies  this  position  for  the  following 
reasons : 

First. — While  the  engineer  may  be  of  unquestionable  ability  and  the 
plans  and  specifications  may  be  excellent,  still  as  an  engineer,  his 
specialty  is  the  designing  of  structures  for  an  intended  use.  This  is  a 
day  of  specialties,  and  the  engineering  contractor  engaged  entirely  in 
construction  is  more  familiar  with  materials,  methods,  and  costs,  and 
he  can  often  suggest  changes  which  will  in  no  way  affect  the  quality 
or  ultimate  value  of  the  work,  but  which  are  more  economical.  With  a 
bonus  clause  contract,  he  has  every  incentive  to  study  the  plans  and 
specifications  in  order  to  accomplish  such  savings  and,  in  so  doing,  is 
working  to  the  best  advantage  of  all  parties  concerned. 

Second. — The  engineer  will  give  far  more  consideration  to  the  sug- 
gestions of  a  contractor  with  reference  to  proposed  changes  and  sub- 
stitutions under  a  "cost  plus  a  fixed  sum,  bonus  and  penalty  contract," 
than  he  will  under  a  lump-sum  contract,  for,  in  the  first  case,  the  in- 
terests of  the  engineer  and  the  contractor  are  mutual,  viz.,  to  secure 
the  best  results  at  the  least  cost;  while  in  the  second  place,  the  engineer 
is  suspicious  of  the  contractor's  motives. 

There  can  be  no  question  that  the  usual  form  of  percentage  contract 
is  not  to  be  desired  except  under  special  and  abnormal  conditions,  where 
either  the  cost  is  not  obtainable  by  estimate  or  where  the  amount  of 
work  to  be  done  is  not  determinate.  There  is,  however,  one  very  im- 
portant feature  to  be  brought  out  in  either  a  "cost  plus  a  fixed  sum"  or 
a  "cost  plus  a  percentage  contract,"  and  that  is  the  addition  to  the  con- 
tract of  a  schedule  which  defines  absolutely  just  what  items  are  to  be 
considered  as  a  part  of  the  cost.  This  is  so  important  that  a  paper 
could  be  written  on  this  subject  alone. 

The  English  method  of  "Quantity  Surveying"  is  theoretically  desir- 
able, but  is  not  practical.  The  idea  of  a  professional  Quantity  Surveyor 
estimating  all  the  quantities  entering  into  a  piece  of  work,  itemizing 
the  same,  and  submitting  them  to  all  the  contractors  calculating  the 
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cost,    is   beautiful    in   theory,   but   by   this   method   two    of   the   most    Mr. 
imiportant  elements  affecting  estimating  and  contracting  are  entirely  ^  ^^^' 
overlooked : 

First. — It  is  not  to  be  expected  that  any  two  Quantity  Surveyors, 
unless  in  the  same  office,  will  estimate  or  itemize  in  exactly  the  same 
manner,  and  there  is  always  an  uncertainty  in  the  contractor's  mind 
as  to  just  what  is  intended  or  included. 

Second. — No  two  contractors  will  take  off  work  in  exactly  the  same 
manner,  or  group  work  in  the  same  way,  because  of  the  individuality 
of  the  concern  and  the  individuality  of  its  method  of  cost  keeping. 
Therefore,  the  quantities  taken  off  by  a  Quantity  Surveyor  may  not 
be  in  such  a  form  as  to  secure  the  best  thought  of  the  contractor. 

Such  a  method  is  likely  to  result  in  the  Quantity  Surveyor  and 
the  contractor  working  in  the  same  rut. 

To  a  great  extent,  the  cost  and  results  obtained  in  any  piece  of 
building  construction  depend  on  the  specification  writing  more  than 
on  the  plans.  As  a  contractor,  the  writer  desires  to  state  that  it 
is  astonishing  how  many  times  bids  are  made  on  work  on  which  the 
owner  could  have  saved  considerable  money  and  secured  better  work 
if  he  had  allowed  the  contractor  specialists  to  write  their  own  speci- 
fications and  had  discarded  those  proposed  by  his  architect  or  engineer. 
Outside  the  subject  of  contract  forms,  there  is  work  for  a  joint  com- 
mittee for  an  extended  period  of  time  to  reduce  to  standards  all 
specifications  for  standard  lines  of  work  and  then  to  insist  that 
such  standard  specifications  be  used  in  connection  with  the  accepted 
standard  form  of  contract.  Efforts  have  been  made  along  this  line,  but 
because  they  have  been  confined  very  largely  to  manufacturers  and 
specialists,  the  general  public  is  suspicious  and  will  be  until  such 
standard  forms  are  endorsed  by  the  leading  architectural  and  engineer- 
ing organizations. 

Human  nature  is  very  much  the  same  no  matter  what  the  pro- 
fession or  vocation.  The  placing  of  an  engineer  as  the  final  arbi- 
trator of  all  controversies  between  the  owner  and  contractor  is  not 
a  fair  requirement.  As  an  arbitrator,  the  engineer,  if  unfair,  has  the 
advantage  of  all  the  unfair  clauses  in  the  contract.  He  may  also  be 
influenced '  by  an  unfair  owner,  but,  above  all,  human  nature  will 
prompt  the  engineer  to  consider  his  client  first  and  the  contractor 
second.  As  his  recommendations  are  based  on  the  owner's  satisfactior, 
the  fact  as  to  whether  the  contractor  is  pleased  is  of  very  little  con- 
sideration. The  contractor  is  dependent  on  the  engineer  for  work  and 
not  vice  versa. 

It  is  certainly  true  that  it  is  important  in  the  conception  of  any 
proposition  to  anticipate  the  conditions  and  circumstances  which  may 
result  in  changes  in  the  plans  and  specifications,  but  the  stipulations 
in  the  contract  and  general  clauses  of  the  specifications  may  be  ar- 
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Mr.     ranged  so  that  all  such  changes  may  be  easily  adjusted,  and  in  this 
Moore.  (.Qjinection   the    writer   desires    to    compliment    Mr.    Bamford    on   his 
broad-minded  suggestions. 

It  has  often  been  a  question  with  the  writer  whether  the  ordinary 
owner  and  his  architect  realize  that  excessive  retained  percentages  are 
considered  by  the  contractor  as  a  part  of  the  cost  of  the  work  and  that 
in  the  end  the  owner  pays  the  bill.  Such  methods  do  not  work  to 
economical  costs  and  serve  no  purpose  whatever  where  the  owner 
is  giving  his  work  to  a  reliable  firm  of  contractors.  If  the  contractor 
is  selected  for  his  general  ability  and  standing,  the  reserve  percentage 
may  be  kept  very  low,  to  the  mutual  advantage  of  all  parties  concerned. 

Section  I  of  the  "Schedule  of  Conditions  of  Contract"  is  pleasing. 
It  is  just  such  fair-minded  wording  of  general  conditions  that  will  re- 
sult in  the  most  economical  cost  of  work.  The  contractor  is  often  a 
better  judge  as  to  what  changes,  in  the  nature  of  extras,  are  necessary 
than  the  engineer,  and  in  the  drawing  up  of  standard  contracts  or 
specifications,  consideration  should  be  given  to  the  fact  that  the  con- 
tractor is  in  reality  a  cost  engineer,  and  his  opinion  should  be  sought. 

The  writer  agrees  with  the  author  as  to  Section  V.  The  contractor 
should  not  be  called  on  to  guarantee  property  lines  or  grades,  but 
he  should  be  capable  of  maintaining  both,  after  they  have  once  been  es- 
tablished by  the  owner. 

The  sub-contractors  mentioned  in  Section  VII  should  receive  even 
more  consideration  that  is  given  them  by  Mr.  Bamford.  While  it  is  true 
that  they  may  not  be  recognized  legally  as  parties  to  the  contract,  still 
in  the  payment  to  them  for  work  done  they  should  be  protected  to  the 
extent  of  the  actual  cash  due  them.  While  the  subject  of  fairness  in  con- 
tracts and  specifications  is  being  considered,  the  sub-contractors  who,  in 
the  aggregate,  suffer  more  than  the  general  contractor,  should  not  be 
forgotten.  After  the  engineer  has  approved  a  sub-contractor,  he  should 
be  thoroughly  cognizant  of  the  nature  of  his  contract  and  the  amount 
he  is  to  receive  for  his  work,  and  then  protect  him  from  the  avari- 
ciousness  of  the  general  contractor;  and,  in  case  of  the  completion  of 
the  work,  he  should  not  accept  from  the  general  contractor  a  bond  guar- 
anteeing the  payment  of  such  bills.  The  writer  has  known  of  cases 
whereby  such  a  method  has  resulted  in  the  general  contractor  securing 
all  the  actual  cash  due  and  afterward  going  into  the  hands  of  a  re- 
ceiver; the  sub-contractor  suffered  the  loss. 

Section  X  should  be  worded  so  that  no  workman,  otherwise  good, 
should  be  dismissed  from  the  works  because  of  possible  personal  dis- 
like or  antipathy  by  the  engineer  in  charge. 

The  fair  wording  of  Section  XII  should  appeal  to  the  owner,  the 
engineer,  and  the  contractor. 

The  subject  of  extras,  as  mentioned  in  Section  XVIII,  is  without 
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doubt  the  cause  of  more  trouble,  hard  feelings,  and  enmity  than  any  Mr. 
other  feature  of  contracting  work.  Nearly  every  specification  or  con-  ^^^^" 
tract  will  provide  for  written  instructions,  but  experience  has  taught 
us  that  engineers  are  not  quite  so  ready  to  follow  their  own  specifica- 
tions in  this  matter  as  inight  be  expected.  It  is  very  common  to  re- 
ceive instructions  to  proceed  entirely  on  a  basis  of  verbal  requests,  and 
the  result  is  a  feeling  that  the  contractor  is  taking  advantage  of  the 
situation  when  he  delivers  his  bill  for  extras.  Unless  the  work  is  very 
certain  of  estimate,  or  is  extensive,  the  best  method  of  payment  is  by 
''cost  plus  a  percentage,"  as  mentioned  in  Method  C  of  this  Section. 
By  using  this  method,  the  contractor  has  the  opportunity  of  submitting 
records  and  detailed  information  as  to  costs  in  order  to  substantiate 
his  bill. 

In  the  the  matter  of  extension  of  time,  as  mentioned  in  Section 
XXIV,  there  is  no  doubt  but  that  the  ordinary  specification  and 
contract  is  not  adequate.  The  wording  suggested  is  good,  but  the 
subject  is  so  important  that  it  should  be  given  a  great  deal  of  thought 
before  being  made  a  part  of  any  standard  form. 

Section  XXXI  covers,  in  a  very  complete  manner,  the  subject  of 
liens.  The  question  arises  here  whether  it  is  safe  and  wise  to  allow  the 
release  of  a  lien  by  the  giving  of  a  bond.  There  is  danger  of  litigation 
in  such  a  method. 

Section  XXXIII,  allowing  for  the  termination  of  the  contract  by 
the  contractor,  covers  a  long-felt  need.  Most  contracts,  regardless  of 
the  character  of  the  work,  are  so  one-sided,  in  favor  of  the  owner,  that 
the  effect  to  the  contractor  is  to  place  his  head  in  a  noose  whereby  he 
may  be  hung,  his  only  hope  resting,  not  alone  in  the  fair-mindedness 
of  the  owner  and  engineer,  but  in  their  magnanimity.  Such  a  condition 
is  not  wise,  from  a  business  standpoint,  nor  can  the  best  results  be 
secured  without  equal  justice  to  both  parties. 

The  contractor  should  not  be  called  on  to  guarantee  plans  or  speci- 
fications, nor  to  report  and  rectify  errors  of  omission  in  the  engineer's 
plans.  He  is  engaged  for  the  purpose  of  constructing  the  work  after 
it  has  been  designed.  If  an  engineer  has  any  doubt  in  his  own  mind  as 
to  the  value  of  his  plans  and  specifications,  he  should  advise  the  employ- 
ment of  a  consulting  engineer  rather  than  ask  a  possibly  ignorant  party 
to  guarantee  the  construction.  After  all,  the  question  is  how  much  such 
a  guarantee  is  worth  to  the  owner. 

In  conclusion,  the  writer  desires  to  make  an  earnest  appeal  for  a 
combined  effort  by  architects,  engineers,  and  contractors,  to  eliminate 
all  these  objectionable  features  in  the  present  forms  of  contracts  and 
specifications,  and  to  prepare  new  matter  so  that  it  will  adequately 
cover  and  describe  the  work  to  be  done,  and  yet  carry  justice  and  equity 
to  both  parties  to  the  contract. 
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Mr.  Leslie  H.   Allen,  Esq.    (by  letter). — As  the  Agreement  prepared 

^^^^^'  by  Mr.  Bamford  is  for  lump-sum  contracts  only,  the  writer  will  confine 
his  discussion  chiefly  to  that  part  of  the  paper  which  deals  with  this 
form  of  contract.  A  number  of  facts  pertinent  to  other  forms  of  con- 
tract, however,  will  be  brought  out  in  discussing  particular  clauses  in 
the  Agreement. 

Immediately  after  his  designation  of  the  various  forms  of  contracts, 
Mr.  Bamford  says:  "Of  these,  the  lump-sum.  system  is  the  most  usual, 
and  is  theoretically  the  best." 

It  is  true  that  the  lump-sum  contract  has  been  most  in  vogue  in  the 
past  and,  even  at  the  present  time,  most  contracts  are  probably  of  this 
type.  It  is  very  doubtful  whether  this  form  of  contract  is  even  theo- 
retically the  best. 

The  result  of  working  under  this  form  of  contract  is  that  at  the  end 
of  a  job  the  contractor  finds  that  he  has  made  more  than  a  fair, 
legitimate  profit;  or  (as  is  more  usual)  that  the  job  has  cost  more  than 
he  estimated,  and  his  profit  is  correspondingly  less. 

It  would  seem,  as  Mr.  Bamford  states,  that  as  far  as  the  owner's 
interests  are  concerned,  lump-sum  contracts  are  usually  the  cheapest, 
but  this  does  not  always  mean  they  are  the  most  economical. 

There  is  a  growing  feeling  among  building  owners  of  the  better 
class  that  "the  laborer  is  worthy  of  his  hire,"  and  a  growing  desire 
on  the  part  of  the  better  class  of  contractors  to  take  only  those  con- 
tracts which  insure  a  fair  profit.  This  is  leading  to  the  general  adop- 
tion among  private  owners  of  the  various  percentage  and  fixed-profit 
contracts  mentioned  by  Mr.   Bamford. 

The  monetary  advantage  of  "catching  a  sucker"  on  a  lump-sum 
contract  is  usually  more  than  offset  by  the  trouble  of  making  him  per- 
form his  contract,  vexatious  claims  for  extras,  poor  work,  scamping, 
delays,  and  disputes.  The  Aberthaw  Construction  Companv,  with 
which  the  writer  is  connected,  in  looking  up  work  it  has  failed  to  get, 
finds  many  owners,  who,  having  accepted  low  bids,  have  afterward 
expressed  the  wish  that  they  had  let  their  contract  to  a  better  con- 
tractor at  a  higher  figure. 

In  most  cases  owners  will  get  only  what  they  are  paying  for.  The 
writer's  company  does  not  hesitate  to  tell  owners  that  they  can  prob- 
ably get  lower  bids  for  reinforced  concrete  buildings  by  taking  them 
in  open  competition  than  the  price  for  which  that  company  would  be 
willing  to  build  them.  By  making  such  states- ents  the  company  is 
securing  more  and  more  of  the  better  class  of  business  from  the  best 
class  of  manufacturers.    Mr.  Bamford  makes  the  following  statement : 

"Such  a  system  pre-supposes  that  the  contract  [specification?] 
defines  the  work  to  be  performed,  and  that  a  contractor,  therefore,  can 
determine  accurately  what  the  execution  of  such  work  will  cost." 
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It  has  been  the  writer's  experience  that  this  is  never  the  case.  Mr. 
However  clear  the  drawings  and  specifications,  and  however  accurately 
predetermined  the  conditions  of  work  may  be,  the  writer's  experience 
during  the  last  16  years  shows  that,  neither  on  any  single  item,  nor 
on  the  sum  total  of  any  contract,  is  it  possible  to  determine  accurately 
what  the  execution  of  a  job  will  cost,  even  in  spite  of  a  system  of  cost 
keeping  and  methods  of  estimating  considerably  more  accurate  and 
careful  than  those  generally  used.  Any  contractor  who  keeps  an 
accurate  record  of  costs  will  bear  out  the  truth  of  this  statement  in 
his  experience. 

One  of  the  greatest  causes  of  trouble  with  lump-sum  contracts  is 
their  inelasticity.  A  piece  of  work  is  very  seldom  started  in  which 
the  owner  or  engineer  does  not  desire  some  changes  in  the  original 
plans  and  specifications  before  it  is  completed. 

This  brings  up  the  much  abused  question  of  extras.  Mr.  Bamford 
indicates  by  Section  XVIII  that  it  is  often  necessary  or  at  least 
desirable  to  adjust  the  cost  of  extras  by  some  form  of  contract  other 
than  the  lump  sum.  Under  Method  B  of  this  Section  is  set  forth  a 
method  of  adjusting  extras  "by  unit  prices."  The  writer  wishes  to 
discuss  this  clause  briefly,  and  will  first  quote  it  as  it  stands  in  Mr. 
Bamf  ord's  paper : 

"B. — By  Unit  Prices.  Where  the  Contractor  shall  have  given,  in 
his  estimate  for  the  contract,  or  in  subsequent  accepted  estimates,  unit 
prices  for  specified  parts  of  the  work,  the  Engineer  may  make  an 
award  of  a  sum  based  on  these  unit  prices,  subject  to  Arbitration." 

The  great  difficulty  (and  the  cause  of  many  unbalanced  bids) 
appears  to  be  the  fact  that  the  engineer's  units  of  cost  are  not  the 
contractor's  units.  Until  engineers'  quantities  represent,  item  by 
item,  the  actual  operations  of  the  proposed  work,  it  will  not  be  possible 
for  competing  contractors  to  make  bids  which  compare  closely  with 
one  another.  For  instance,  in  bidding  recently  on  a  bridge,  four 
different  classes  of  concrete  (Class  A,  Abutments;  Class  B,  Center 
Piers;  Class  C,  Arches;  Class  D,  Parapet)  were  given,  and  the  con- 
tractor's price  on  these  had  to  include  coffer-dams,  pumping,  excava- 
tion in  the  river  bed,  dry  excavation  for  abutments,  forms,  and  surface 
treatment.  No  doubt  it  saves  trouble  for  the  engineer  to  decree  that 
concrete  only  shall  be  measured,  but  the  contractor  is  invited  to  gamble 
on  whether  Class  A  concrete  (Abutments)  would  necessitate  close 
sheeting  in  the  excavation,  and  whether  pumping  would  be  necessary; 
and  in  Class  B  (Center  Piers),  each  foot  in  depth  below  water  line 
would  increase  the  cost  of  the  units  enormously.  On  the  same  job, 
Class  D  (measured  in  linear  feet)  included  cast-stone  balusters,  con- 
crete pedestals  and  coping,  cast-iron  lamps,  and  glass  globes. 

On    a   similar   job   before   the   writer,    Class   D    concrete   included 


522       discussion:   agreements   for  building   contracts 

Mr.  granolithic  paving,  iron  manhole  covers,  and  concrete  parapet  walls 
^"®°'  and  balusters.  In  the  case  of  concrete  walls,  say,  12  in.  thick,  to  be 
paid  for  by  the  cubic  yard,  including  forms  and  finish,  if  the  engineer 
elects  to  reduce  the  thickness  of  the  wall  to  8  in.,  the  contractor  has 
to  do  just  as  much  form  work  and  finish,  although  he  is  paid  for  only 
two-thirds  of  the  amount. 

Instances  of  this  kind  could  be  multiplied,  but  these  are  typical 
of  unit  prices  on  which  contractors  are  continually  being  asked  to 
bid,  and  it  is  small  wonder  that  the  range  in  bids  is  very  marked.  In 
the  writer's  experience  it  is  generally  necessary  to  take  off  from  fifteen 
to  twenty  items  in  order  to  make  up  a  unit  price  on  one  of  an  engi- 
neer's units.  It  requires  much  more  time  and  trouble  to  bid  on  unit 
prices  than  on  a  lump  sum,  and  the  results  to  the  contractor  are  much 
less  certain,  because  a  small  increase  in  yardage  of  concrete  or  excava- 
tion, as  the  case  may  be,  may  necessitate  expenditure  on  his  part  which 
could  not  be  foreseen  or  calculated;  or  a  decrease  may  deprive  him  of 
remuneration  for  work  necessary  to  the  completion  of  the  contract,  but 
not  itemized  on  the  engineer's  schedule. 

It  would  seem  that  if  the  engineer  would  also  price  his  units  before 
sending  them  to  the  contractor,  a  further  speculative  element  would 
be  introduced,  as  it  would  be  impossible  to  reconcile  the  unit  prices 
of  the  engineer  with  those  of  the  contractor,  and  the  latter  must  base 
his  plus  or  minus  percentage  bid  on  the  assumption  that  the  quantities 
will  turn  out  exactly  correct,  or  "take  a  chance"  on  certain  items  being 
in  excess  and  bid  accordingly.  The  alternative  to  this  would  be  to 
bid  a  different  percentage  on  each  unit. 

Even  if  the  engineer  were  to  prepare  an  accurate  bill  of  quantities, 
setting  out  therein  all  the  items  that  a  contractor  would  price  in  esti- 
mating, contractors'  prices  vary  so  much,  owing  to  differences  of 
methods,  equipment,  cost  keeping,  and  judgment  in  estimating,  that 
no  two  would  be  likely  to  bid  in  like  proportion  on  every  item,  and  the 
engineer's  bid  would  still  be  of  no  use. 

The  percentage  system  of  bidding  has  been  tried  in  England,  where 
quantities  are  certainly  prepared  accurately  and  include  a  great  amount 
of  minute  detail,  but  the  system  has  never  found  favor,  and  is  seldom 
used.  Two  public  bodies,  the  War  Office  and  the  London  School  Board, 
have  priced  schedules  running  into  hundreds  of  pages  and  thousands 
of  items,  but  their  use  has  been  limited  to  jobs  costing  not  more  than 
$500,  as  they  do  not  work  satisfactorily. 

Sections  XVI  and  XVII  are  very  closely  related,  and  as  the 
discussion  of  them  may  also  apply  to  some  extent  to  Section  VIII, 
it  may  be  well  to  examine  these  before  proceeding. 

Mr.  Bamford  evidently  realizes  fully  the  difficulties  in  the  way  of 
drawing  up  clauses  to  cover  the  above  points  with  fairness  to  both 
owner  and  contractor,  and  he  has  made  an  extremely  good  attempt  to 
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correct  the  usual  defects.  The  following  is  merely  the  relation  of  Mr, 
some  of  the  writer's  actual  experiences  in  regard  to  the  use  of  copies 
of  quantities  and  the  adjustment  of  variations,  as  provided  for  in 
Sections  XVI  and  XVII.  This  system  is  generally  used  in  England, 
and  works  well,  but  it  is  full  of  pitfalls  for  the  unwary,  and  should  be 
adopted  with  caution. 

It  has  been  the  practice  of  the  writer's  company  to  be  unusually 
frank  and  open  in  the  matter  of  showing  estimates  to  owners  and 
engineers.  Recently,  in  taking  a  contract  for  some  large  concrete  mill 
buildings,  the  estimate  was  deposited  with  the  architect  so  that  he 
might  copy  it  for  use  in  adjusting  any  variations.  In  making  the 
estimate,  the  company  had  only  sketch  plans  of  a  brick-and-timber 
structure  from  which  to  work,  and  had  to  assume  all  details  necessary 
to  give  the  same  accommodation  in  a  concrete  building  with  brick 
curtain  walls  and  guarantee  that  the  cost  of  such  a  structure  should 
not  exceed  a  certain  figure.  The  architect  gave  a  copy  of  the  estimate 
to  the  owner,  who  discovered  by  measurement  that  the  estimated 
quantity  of  brickwork  was  largely  in  excess  of  that  actually  laid,  and 
thereupon  asked  for  an  adjustment.  The  reason  for  the  discrepancy 
was  that  the  company  had  figured  on  smaller  windows  than  had  been 
put  in  and  more  brickwork,  and  it  was  found  that  the  amount  saved 
in  brickwork  had  been  lost  in  windows,  but  the  owner  was  not  satisfi.ed, 
as  the  number  of  windows  was  the  same.  The  terms  of  the  contract 
did  not  permit  of  this  being  considered  a  variation,  and  though  the 
legal  position  of  the  company  was  clear,  it  preferred  to  give  way  and 
remain  in  good  standing  with  the  owner  rather  than  fight  it  out. 

On  another  job,  gained  in  competition  by  a  narrow  margin,  a  copy 
of  the  estimate  was  deposited  with  the  engineer.  When  the  job  was 
nearly  finished,  the  owner  decided  to  build  another  building  close  by. 
The  engineer  made  plans  and  figured  it  upon  the  former  estimated 
prices.  It  had  been  found  that,  through  unforeseen  circumstances  and 
unexpected  difficulty  in  one  portion  of  the  work,  some  of  these  prices 
had  not  been  remunerative,  and  when  the  company  was  asked  to  esti- 
mate on  the  new  plans  the  prices  of  these  items  were  raised,  conse- 
quently the  bid  was  higher  than  the  engineer's  estimate.  He  offered 
to  give  the  work  to  the  writer's  company  at  his  figure,  or  to  put  it  out 
to  open  competition  again,  when  undoubtedly  those  who  had  bid  before 
would  use  the  same  prices  and  bid  below  the  company.  Thus  there  was 
the  alternative  of  practically  declining  a  job  for  owners  who  had 
additional  building  work  to  be  done,  or  taking  the  job  at  a  price  which 
would  barely  insure  any  profit. 

In  another  instance,  when  showing  an  estimate  to  an  architect 
just  before  signing  the  contract,  he  discovered  that  the  price  on  sky- 
lights and  roofing  was  much  higher  than  a  figure  he  had  obtained.  He 
promptly  proposed  to  take  this  item  out  of  the  contract  altogether  and 
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Kr.    let  the  owner  pay  it  direct,  regardless  of  the  fact  that  other  items  might 
Allen,  j^^^g  ^^^^  figured  too  low,  and  it  was  with  difficulty  that  he  was  turned 
from  his  purpose. 

Obviously,  from  the  writer's  practice,  he  does  not  find  that  it  is 
always  a  disadvantage  to  give  information  as  to  estimates.  Frequently 
it  has  been  found  to  be  of  very  great  benefit  in  leading  toward  that 
state  of  mutual  confidence  and  respect  which  always  should,  but  fre- 
quently does  not,  exist  between  owner,  engineer,  and  contractor;  and, 
in  the  adjustment  of  extras,  he  has  found  that  it  has  often  saved  a  lot 
of  dispute,  and  secured  a  just  and  fair  settlement,  to  both  owner  and 
contractor.  It  is  not  suggested  that  all  engineers  or  owners  would  act 
in  the  ways  indicated,  if  furnished  with  priced  quantities,  but,  as  Mr. 
Bamford's  suggested  agreement,  if  adopted,  would  be  used  by  all  alike, 
whether  reasonable  or  unreasonable,  partial  or  impartial,  it  is  desirable 
to  point  out  some  of  the  difficulties  encountered  in  following  this 
practice. 

The  depositing  of  quantities  should  be  an  optional  matter  with  the 
contractor  and  the  engineer.  It  is  largely  a  matter  of  judgment 
whether  they  will  or  will  not  be  an  advantage  in  any  particular  set  of 
circumstances. 

It  is  easier  for  an  unscrupulous  contractor  to  submit  an  unbalanced 
priced  schedule  than  to  submit  an  unbalanced  bid,  with  far  more 
advantage  to  himself  and  loss  to  the  owner,  and  the  writer  could  quote 
several  instances,  within  his  knowledge  of  English  practice,  which  have 
resulted  in  unfair  profits  to  the  contractor,  and  no  redress  for  the 
owner. 

In  reference  to  damages  for  delay  (Sections  II  and  XXIII),  it  is 
only  fair  that  if  the  contractor  should  pay  for  delays  caused  by  him, 
the  owner  should  reimburse  the  contractor  for  delays  caused  by  him- 
self or  his  engineer.  Such  delays  often  cost  the  contractor  large  sums 
in  fixed  charges,  plant  rental,  foremen's  time,  etc.,  and  he  has  no 
redress  whatever. 

In  a  rush  job,  recently  (a  factory  erected  during  the  winter,  with 
a  heavy  forfeiture  clause  for  non-completion  within  the  contract 
period),  the  engineer  stopped  the  concreting  for  a  week  (a  warm  week 
when  work  would  have  gone  fast)  in  order  that  he  might  test  a  sample 
of  two  bars  of  the  steel  reinforcement;  and  later,  owing  to  a  mistake 
he  made  in  testing  cement,  he  condemned  three  or  four  cars  of  cement 
(which  three  independent  laboratories  reported  as  first-class),  and  caused 
a  lot  of  delay  and  expense.  As  he  refused  to  grant  any  extension  of 
time,  the  company  had  to  spend  a  lot  of  money  for  night  work. 

In  regard  to  arbitration,  the  English  system  generally  works  well, 
and  if  procedure  in  the  United  States  were  standardized  on  similar 
lines  it  would  prove  beneficial.  In  general,  the  submission  after  the 
completion  of  the  work  is  fair  to  all,  but  it  will  be  realized  that  cases 
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arise  when  leaving  big  disputes  undecided  may  work  real  injustice  to    Mr. 
one  of  the  parties.     The  arbitrators  should  decide  whether  the  dispute 
is  to  be  adjudicated  upon  during  the  process  of  the  work,  during  a 
cessation  of  the  work,  or  at  its  close. 

Mr.  Bamford's  effort  to  produce  a  contract  which  recognizes  the 
rights  of  both  sides  is  a  step  in  the  right  direction,  and  the  thanks  of 
contractors  are  due  to  him  for  the  thoughtful  care  with  which  he  has 
dealt  with  the  subject.  It  is  to  be  remembered  that  it  is  impossible  to 
foresee  and  provide  for  every  contingency  which  will  arise  between  the 
parties  to  any  contract,  and  the  aim  of  a  contract  should  be  to  secure 
equitable  dealing  between  the  parties  and  a  mutually  fair  interpreta- 
tion of  what  was  in  their  minds  at  the  time  the  contract  was  made. 

William  B.  Bamford,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — The     Mr 
writer  has  been  gratified  by  the  interest  which  has  been  shown  in  this 
paper  by  those  who  have  discussed  it,  and  also  by  the  many  personal 
letters  received  from  others  and  expressing  interest  in  the  subject. 

Two  general  methods  to  ensure  justice  and  fairness  between  the 
parties  to  a  contract  seem  to  be  advocated:  The  first  is  to  ignore  the 
specific  wording  of  the  contract  and  rely  on  the  engineer,  in  his 
judicial  capacity  as  interpreter  of  the  contract  requirements,  to  con- 
strue them  from  the  standpoint  of  a  judge  in  equity  rather  than  from 
the  more  severe  position  of  a  judge  interpreting  the  law.  The  second 
method  is  to  try  and  prepare  contracts  which  shall  be  just  and  fair  to 
all  parties,  and  give  to  the  engineer  proper  power  and  authority  to 
see  that  both  parties  receive  their  share  of  justice  under  the  contract 
provisions. 

The  feelings  of  those  who  lean  toward  the  first  of  these  measures 
for  relief  could  not  be  better  expressed  than  in  the  following  extract 
from  an  address  by  Onward  Bates,  Past-President,  Am.  Soc.  C.  E., 
before  the  graduating  class  of  1909  of  Eensselaer  Polytechnic  Institute : 

"One  of  the  most  frequent  examples  of  the  weakness  of  engineers 
in  dealing  with  men  is  found  in  their  relations  with  contractors.  It  is 
common  for  engineering  work  to  be  done  by  contract,  under  the  super- 
vision of  engineers,  and  the  control  of  the  work  and  settlement  of 
accounts  is  a  fruitful  source  of  trouble  to  the  engineer.  In  the  first 
place,  engineering  contracts  are  nearly  always  wholly  one-sided,  being 
drawn  by  the  engineer  or  his  employers,  and  reserving  all  rights  and 
privileges  that  are  possible  for  their  side,  while  giving  the  contractors 
as  few  as  possible.  It  is  proper  enough  that  the  engineer  should  be  the 
one  to  decide  points  of  dispute  with  the  contractor,  and  this  places 
with  him  an  extra  responsibility,  making  him  both  an  interested  party 
and  a  judge  of  questions  in  dispute.  It  takes  a  high-grade  man  to  meet 
such  a  situation  with  justice  and  to  secure  the  harmonious  co-operation 
of  the  contractor  which  is  necessary  to  good  results  for  both  parties. 
It  is  here  where  it  becomes  evident  that  the  engineer  should  be  a  judge 
of  human  nature,  knowing  how  to  deal  with  men,  and  that  he  should 
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Mr.  be  endowed  with  common  sense,  tact  and  justice,  and  with  a  con- 
Bamford.  ^iliatory  spirit.  There  is  much  unnecessary  friction  between  engineers 
and  contractors,  and  I  think  this  oftener  happens  with  young  engineers 
than  with  older  ones.  Young  engineers  are  apt  to  lay  too  much  stress 
on  the  contract  clauses,  giving  them  practically  unlimited  power  over 
the  contractor,  and  to  become  arbitrary  in  dealing  with  him.  The 
safe  rule  is  to  look  at  both  sides  of  the  question  and  then  do  what  is 
right.  As  his  judgment  matures  with  age,  he  becomes  more  considerate. 
It  is  a  good  thing  for  an  engineer  to  have  some  experience  as  a  con- 
tractor, or  in  the  service  of  one,  for  it  gives  him  a  better  grasp  of  the 
rights  of  both  sides  in  a  controversy.  It  is  also  well  to  study  the  work 
from  a  contractor's  standpoint,  to  get  correct  ideas  of  cost,  and  to 
learn  how  to  handle  men.  *  *  *  The  old  idea  that  engineers  are 
saints  and  contractors  sinners  is  going  out  of  fashion.  The  men  are 
the  same  under  either  title,  and  engineers  become  contractors  without 
loss  of  self-respect,  and  without  losing  their  rank  as  engineers." 

There  are  many  difficulties  and  dangers  confronting  an  engineer 
who  follows  the  dictates  of  his  conscience  rather  than  the  contract 
requirements,  especially  on  government  or  public  work. 

It  must  be  unhesitatingly  conceded  that  the  success  or  failure  of 
any  work  depends  largely  on  the  personality  of  those  connected  with  it, 
but,  as  the  written  documents  are  the  legal  instruments  which  define 
the  duties,  obligations,  and  responsibility  of  the  engineer,  as  well  as 
those  of  the  owner  and  contractor,  it  would  seem  most  important  that 
engineers  prepare  their  contract  documents  with  extreme  care,  and  not 
trust  entirely  to  their  judicial  position  to  right  any  unfair  require- 
ments discovered  in  such  documents  after  they  are  executed. 

As  stated  by  Mr.  Wilkins,  there  is  a  feeling,  especially  among  the 
older  and  more  experienced  engineers,  "that  all  disputes  should  not  be 
referred  to  the  engineer  or  architect,  *  *  *  the  engineer  or  archi- 
tect should  only  be  the  arbitrator  as  far  as  the  character  of  the  work- 
manship and  the  quantities  or  qualities  of  the  materials  are  concerned. 
These  are  matters  with  which  engineers  or  architects  would  be  more 
familiar  than  any  court  or  outside  arbitrator;  but  there  are  other  dis- 
putes which  might  arise  concerning  the  terms  of  the  contract,  which 
the  engineer  or  architect,  being  in  a  certain  sense  the  employee  of  one 
of  the  parties,  should  not,  in  justice  to  himself,  be  called  on  to  decide, 
unless  by  a  special  agreement  of  both  parties."  Having  first  recognized 
defects  calling  for  a  solution,  it  then  becomes  a  matter  for  careful 
study  to  devise  the  most  practical  remedy. 

The  writer  has  tried,  for  a  number  of  years,  to  inform  himself  of 
the  various  difficulties  encountered  by  engineers  and  architects  with 
construction  contracts,  and  the  solutions  which  have  been  put  forward 
to  correct  them.  The  result  of  this  study,  as  previously  stated  under 
the  heading.  Historical  Summary,  was  that  the  documents  adopted  by 
the  Royal  Institute  of  British  Architects  and  the  Institute  of  Builders, 
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after  some  28  years  of  labor,  are  the  most  practical  and  equitable  within  Mr. 
the  writer's  knowledge,  and  the  satisfaction  given  by  these  documents 
after  many  years  of  use  decided  him  to  accept  them  as  a  foundation 
upon  which  to  build  a  set  for  American  practice.  The  best  possible 
test,  of  course,  is  experience  through  use.  The  main  features  of  the 
forms  suggested  in  this  paper  have  thus  had  in  Great  Britain  the  test 
of  critical  study  and  actual  use  for  many  years,  and  the  principles  of 
the  suggested  forms,  therefore,  can  be  accepted  with  greater  confidence 
as  to  the  practical  effect  of  many  apparently  revolutionary  provisions. 

In  order  to  obtain  certain  definite  and  official  information  about 
the  forms  for  contract  documents  approved  by  the  British  organiza- 
tions, the  following  questions  were  submitted  to  the  Royal  Institute 
of  British  Architects,  the  Institute  of  Builders,  and  the  National 
Federation  of  Building  Trades  Employers  of  Great  Britain  and 
Ireland : 

"(1.)  Reference  to  any  printed  reports  (or  blue  books')  by  your 
Institute  of  the  reasons  for  reaching  the  conclusions  as  given  in  the 
forms  recommended  for  use. 

"(2.)  The  experience  with  the  documents  as  finally  adopted,  in 
the  fulfillment  of  their  desired  mission,  as  shown  by  the  extent  to  which 
they  are  used,  and  reference  to  any  lawsuits  which  may  have  given 
important  judicial  interpretations  of  their  provisions. 

"(3).  The  effect  of  arbitration  in  general,  and  your  clause  in  par- 
ticular, as  a  means  for  equitably  settling  differences  arising  between 
owner  and  contractor. 

"(4.)  Have  any  important  modifications  been  proposed  to  the  docu- 
ments approved  in  1903,  or  are  they  now  considered  to  be  generally 
satisfactory  ? 

"(5.)  Are  the  documents  used  (in  principle)  extensively  by  any  of 
the  government  departments,  and  have  such  departments  expressed 
themselves  in  any  reports  concerning  these  documents 'f 

The  following  replies  were  received: 

"Royal  Institute  of  British  Architects. 

"London,  22nd  February,  1910. 

"Dear  Sir:  I  have  to  acknowledge  in  the  same  letter  your  two 
communications  of  November  19th,  1909,  and  February  5th,  1910,  with 
regard  to  the  Royal  Institute  Form  of  Contract.  I  regret  that  the 
exigencies  of  Committee  work  have  been  responsible  for  some  delay 
in  collecting  the  information  for  which  you  ask.  Our  Practice  Com- 
mittee has  now  considered  your  letter,  and  with  the  approval  of  our 
Council  I  send  you  the  following  information : 

"1.  The  Practice  Standing  Committee  does  not  issue  reports  or 
other  particulars  as  to  their  reasons  for  the  conclusions  represented 
by  the  forms  recommended  by  them.  The  Form  of  Building  Contract 
issued  by  the  R.  I.  B.  A.  is  the  result  of  careful  compilation  made  by 
the  Council  in  negotiation  with  the  heads  of  the  Building  Trades  in 
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Mr.       this   country  and   in  consultation   with   Solicitors   and   Counsel   upon 
Bamford.  jgg^l  points. 

"2.  The  Form  of  Contract  is  extensively  adopted  in  this  country, 
the  average  sale  being  about  10  000  copies  a  year.  Lawsuits  have  taken 
place  as  regards  works  in  which  the  K.  I.  B.  A.  Form  was  used  as  the 
Contract,  but  the  cases  have  not  (as  far  as  is  known)  been  collected,  and 
they  have  not  been  such  as  to  render  alterations  in  the  Form  of  Con- 
tract necessary  in  the  opinion  of  the  E.  I.  B.  A.  except  as  hereafter 
stated  in  reply  No.  4. 

"3.  It  is  believed  that  the  clause  (No.  32)  relating  to  Arbitration 
is  just  and  equitable,  and  that  it  has  been  found  to  work  satisfactorily 
in  practice. 

"4.  Some  modifications  have  been  made  from  time  to  time  since 
1903,  the  latest  being  an  alteration  in  Clause  30,  resulting  on  a  judg- 
ment in  the  case  of  Goddard  &  Ferguson  in  which  the  responsibility 
of  the  Architect  was  dealt  with.  A  question  is  moreover  under  con- 
sideration at  the  present  time  as  to  whether  Clause  27  should  not  be 
altered  so  as  to  make  it  clear  that  'P.  C  items  shall  be  dealt  with  by  the 
Architect  as  in  'Provisional  Sums.' 

"Suggestions  have  been  made  from  time  to  time  that  the  Form  of 
Contract  is  capable  of  amendment  and  improvement,  but  the  difficulties 
and  disadvantages  attending  that  course,  particularly  in  the  matter  of 
the  concurrence  of  the  representatives  of  the  Building  Contractors,  are 
such  that  it  has  not  so  far  been  considered  expedient  to  adopt  them, 
except  as  above  stated. 

"5.  The  R.  I.  B.  A.  Form  is  not,  as  far  as  is  known,  used  by  the 
Government  departments,  they  having  special  forms  for  their  works 
adapted  to  their  own  requirements. 

"I  have  to  thank  you  for  sending  me  a  copy  of  your  valuable 
Paper  on  the  subject,  and  for  your  promise  to  send  me  additional 
information  in  due  course.  Our  Practice  Committee  will  be  very  glad 
to  receive  this.  "Believe  me,  faithfully  yours, 

"Ian  MacAlister,  Secretary." 

"The  Institute  of  Builders. 

"London,  7th  December,  1909. 

"Dear  Sir:  I  have  to  acknowledge  the  receipt  of  yours  of  the 
19th  ultimo  with  reference  to  your  proposed  paper  upon  Building 
Agreements,  which  was  laid  before  my  Council,  and  I  am  instructed 
to  send  you  a  copy  of  the  Contract  and  to  reply  that  there  is  no 
printed  report  or  blue  book  in  existence  in  connection  with  this  Insti- 
tute giving  any  detailed  reasons  for  the  conclusions  embodied  in  the 
form  of  contract.  Agreement  as  to  the  conditions  was  only  arrived 
at  after  negotiations,  conferences,  and  meetings,  extending  over  a  pro- 
longed period  of  something  like  28  years.  The  main  reason  was,  of 
course,  the  desire  for  uniformity.  Prior  to  the  adoption  of  the  agreed 
form  this  Institute  had  its  own  form,  the  various  Architectural  Soci- 
eties had  their  own  forms,  and  also  many  individual  Architects  had 
their   particular   private   forms. 

"Experience  seems  to  have  proved  the  agreed  form  to  have  been 
as  successful  as  could  reasonably  have  been  anticipated,  and  its  gen- 
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eral  and  increasing  adoption  seems  to  confirm  this.    It  has  been  seldom      Mr. 
before  the  courts,  and  no  very  important  judicial  pronouncements  have  Bamford. 
been  recorded  affecting  its  provisions. 

"As  to  the  effect  of  arbitration  in  general,  opinion  is  somewhat 
divided,  largely  perhaps  because  of  the  favorable  or  unfavorable  nature 
of  the  issue  to  the  contending  parties.  It  is  possible  that  not  so  much 
importance  is  attached  to  the  principle  now  as  formerly,  as  a  means 
for  settling  differences  amicably,  but  there  is  no  doubt  as  to  the 
beneficial  effect  the  existence  of  such  a  provision  in  the  building 
agreement  has  in  modifying  the  tendency  in  some  quarters  to  undue 
arbitrariness. 

"Only  one  modification,  and  that  of  minor  importance,  has  been 
made.  It  consists  of  an  alteration  in  the  wording  of  Clause  30  by 
substituting  for  it  the  words: 

"  'The  Contractor  shall  be  entitled  under  the  certificates  to  be  issued 

by  the  Architect  to  the  Contractor,  and  within days  of  the  date 

of  each  certificate,  to  payment  by  the  Employer  from  time  to  time 
by  installments,  when,  in  the  opinion  of  the  Architect,  work  to  the 

value  of (or  less,  at  the  reasonable  discretion  of  the  Architect) 

has   been   executed   in   accordance   with   the   Contract   at  the  rate   of 

per  cent,  of  the  value  of  work  so  executed  in  the  building, 

until  the  balance  in  hand  amounts  to  the  sum  of after  which 

time  the  installments  shall  be  up  to  the  full  value  of  the  work  sub- 
sequently executed.  The  Contractor  shall  be  entitled,  under  the  cer- 
tificates to  be  issued  by  the  Architect,  to  receive  payment  of 

being  a  part  of  the  said  sum  of when  the  works  are  prac- 
tically completed,  and  in  like  manner  to  payment  of , the  balance  within 

a  further  period  of months,  or  as  soon  after  the  expiration 

of  such  period  of months  as  the  works  shall  have  been  finally 

completed,  and  all  defects  made  good  according  to  the  true  intent  and 
meaning  hereof,  whichever  shall  last  happen.  The  Architect  shall 
issue  his  certificates  in  accordance  with  this  clause.  No  certificate 
of  the  Architect  shall  of  itself  be  considered  conclusive  evidence  as 
to  the  sufiSciency  of  any  work  or  materials  to  which  it  relates  so  as 
to  relieve  the  contractor  from  his  liability  to  execute  the  works'  in 
all  respects  in  accordance  with  the  terms  and  upon  and  subject  to 
the  conditions  of  this  agreement  or  from  his  liability  to  make  good 
all  defects  as  provided  thereby.' 

"I  regret  this  Institute  does  not  publish  any  reports  of  its  pro- 
ceedings or  I  should  have  had  pleasure  in  forwarding  them  to  you.  I 
am  desired  to  say,  in  conclusion,  that  a  copy  of  your  paper,  when 
printed,  would  be  greatly  esteemed. 

"I  am,  dear  sir,  yours  faithfully, 

"T.   CosTiGAN,  Secretary.''^ 

"The  National  Federation  op  Building  Trades  Employers  of  Great 

Britain  and  Ireland. 

"London,  14th  December,  1909. 

"Dear  Sir: 

"Form  of  Contract  for  Building  Agreements. 

"In  reply  to  yours  of  the  19th  Nov.  the  form  of  Contract  agreed 
upon  by  the  R.  I.  B.  A.,  the  Institute  of  Builders  and  this  Federa- 
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Mr.  tion,  which  is  the  one  to  which  I  presume  you  refer,  was  negotiated 
Bamtoid.  between  the  two  former  bodies,  this  Federation  being  really  represented 
in  the  negotiations  by  the  Institute.  I  understand  you  have  addressed 
a  similar  enquiry  to  my  colleague  Mr.  Costigan,  the  Secretary  of  the 
Institute  of  Builders,  and  to  him  I  must  refer  you  for  an  answer 
to  your  query  'No.  1. 

"As  regards  2.  The  active  propagation  of  the  use  of  the  agreed 
forms  of  contract  rests  chiefly  with  this  Federation,  which  continually 
recommends  its  branches  in  all  parts  to  urge  their  members  as  far  as 
possible  to  sign  no  other  form  of  contract.  In  the  better  organized 
parts  of  the  Country  this  is  done,  in  the  less  well  organized  parts 
the  form  is  not  much  used  as  yet. 

"Wherever  opportunity  occurs  the  local  Association  belonging  to 
this  Federation  tries  to  induce  local  Authorities  to  adopt  this  form 
of  contract,  there  is,  however,  no  very  marked  success  yet  to  record. 
If  you  get  from  the  R.  I.  B.  A.  a  statement  of  how  many  forms 
they  sell  in  a  year  (we  buy  from  them),  you  will  be  able  to  arrive 
at  a  fair  opinion  of  the  extent  of  use,  and  if  they  give  you  the  infor- 
mation for  the  past  5  or  6  years  you  will  be  able  to  gauge  the  rate 
of  progress. 

"3.  The  effect  of  arbitration  as  a  means  of  settling  differences  is 
generally  regarded  as  satisfactory,  in  this  Country,  the  gravest  fault 
found  with  it  is  its  heavy  cost  at  times  especially  when  rival  ex- 
perts are  employed. 

"Our  arbitration  clause  has  worked  satisfactorily  so  far  as  I 
know. 

"4.  No  important  modifications  have  been  proposed.  A  slight 
verbal  amendment  to  Clause  30  was  agreed  to  lately  in  the  interest  of 
clearness.  The  document  is  regarded  by  this  Federation  as  being  a 
satisfactory   compromise. 

"5.  A  few  local  authorities,  I  believe,  use  the  documents  in  prin- 
ciple, but  I  am  unable  to  give  you  any  particulars  as  to  the  extent 
of  such  use;  there  is  no  information  available. 

"References  to  this  question  appear  from  time  to  time  in  our 
half  yearly  reports,  but  I  do  not  think  you  would  find  them  o^  any 
use  for  your  purpose,  as  they  are  of  quite  a  general  character,  and  are 
largely  covered  by  the  replies  given  above. 

"Yours  faithfully, 

"A.  C.  White,  Secretary.'^ 

There  is  unquestionably  a  need  for  a  better  understanding,  be- 
tween owners,  engineers,  and  contractors,  of  their  rights,  duties,  and 
obligations  in  construction  contracts.  At  present  nearly  every  engi- 
neer is  a  law  unto  himself,  and  many  place  in  contracts  all  sorts 
of  unusual  and  too  often  unjust  provisions.  The  endorsement  of  a 
carefully  considered  form  of  contract  by  this  Society  would  assist  ma- 
terially in  establishing  an  equitable  code  of  procedure  in  construc- 
tion contracts  which  would  be  one  of  the  most  practical  means  of 
avoiding  many  of  the  present  unnecessary  troubles. 

At  first  reading  it  may  seem  that  the  suggested  forms  are  too 
verbose,   and   could  be  simplified   materially.      The   writer's    aim   has 
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been  toward  simplification,  though  the  fact  may  not  be  evident,  but       Mr. 
he  would  strongly  urge  a  study  of  the  discussion  relative  to  the  British  ^^™^^^^- 
forms,  in  the  Journal  of  the  Royal  Institute   of  British  Architects, 
before   any   vital   simplification    is    undertaken. 

Systems  of  Contracting. 

Any  system  of  contracting,  if  based  on  the  principles  of  justice 
and  equity,  must  legally  assure  to  the  owner  that  he  can  demand 
and  obtain  the  work  for  which  he  pays,  and  assure  to  the  contractor 
that  he  can  obtain  definite  payments  for  work  properly  done. 

Messrs.  Waddell,  Polleys,  Moore,  and  Allen  have  objected  to  the 
writer's  advocacy  of  lump-sum  contracts.  There  are  undoubtedly 
conditions  where  some  one  of  the  various  systems  is  superior  to 
the  others,  and  no  one  system  can  be  found  that  will  be  the  best 
for  all  classes  of  construction  work.  To  prevent  repetition,  the  writer 
would  suggest  a  re-reading  of  the  subdivision  "Systems  of  Contract- 
ing." He  has  endorsed  the  lump-sum  system  as  theoretically  the  best 
for  contracts  for  the  erection  of  buildings,  and  has  stated  that: 

"Such  a  system  presupposes  that  the  contract  defines  the  work 
to  be  performed,  and  that  a  contractor,  therefore,  can  determine 
accurately    what   the    execution    of    such    work    will    cost. 

******* 

"Many  of  the  most  serious  objections  to  the  percentage  system 
have  been  overcome  in  varying  degrees  under  Systems  3,  4,  5,  and  6. 
These  systems  have  much  to  commend  them,  and,  with  all  their  faults, 
they  will  eventually  supersede  the  lump-sum  system,  unless  more  care 
is  taken  to  make  contracts  complete  and  accurate." 

The  writer  recognizes  the  gross  injustice  to  contractors  in  the 
majority  of  present-day  American  lump-sum  contracts;  he  also  recog- 
nizes the  inherent  defects  of  the  various  percentage  systems,  from  an 
owner's  viewpoint.  He  also  concedes  that  a  number  of  firms,  who 
are  now  strongly  advocating  percentage  systems,  are  building  reputa- 
tions and  achieving  the  maximum  of  success  under  such  systems.  He 
believes,  however,  that  percentage  systems  have  vital  defects,  due 
to  inability  to  get  the  maximum  of  work  out  of  the  mechanics.  The 
success  of  the  few  companies  at  the  present  time  with  percentage 
systems  cannot  be  duplicated  by  the  average  contractor,  and,  there- 
fore, such  systems  are  not  adaptable  for  general  use.  A  careful 
study  of  the  various  defects  in  the  different  systems  will  eventually 
result  in  evolving  a  system  which  will  be  beneficial  to  both  owner 
and   contractor. 

The  unit  price  system,  used  so  successfully  by  Mr.  Waddell,  will 
undoubtedly  work  well  in  railroad  and  other  work,  where  the  different 
elements  which  must  be  considered  are  relatively  small.  For  build- 
ing construction,  the  logical  outcome  of  the  unit  price  system  is  the 


532       DISCUSSION :   agreements   for  building  contracts 

Mr.       English  "Quantity  Surveying,"  which  is  too  cumbersome  for  present 

Bam  or  .  ^j^gj-j^^^j^  practice.     The  permanent  schedule  of  the  Home  Office  of 

the  British  War  Department  contains  4  441  numbered  items  of  unit 

prices,  and,  even  with  this  amount  of  detail,  it  has  not  been  found 

to  work  successfully  except  for  contracts  of  less  than  about  $500. 

The  Form  of  Agreement  and  Conditions  of  Contract  suggested  here- 
in can  be  used  for  any  of  the  various  systems  by  inserting  in  Article 
III  the  proper  clause  regarding  payment  for  work,  and,  possibly,  by 
making  a  few  minor  changes  elsewhere.  It  should  be  noted  that,  if 
the  specifications  and  drawings  are  prepared  with  reasonable  care, 
so  that  a  person  of  average  intelligence  can  determine  the  work  to 
be  done  by  the  contractor,  the  suggested  Conditions  of  Contract  pro- 
vide for  the  usual  difficulties  encountered  with  lump-sum  contracts. 
The  Royal  Institute  of  British  Architects  and  the  Institute  of  Build- 
ers have  found  such  documents  to  be  practical  in  actual  use,  as  stated 
in  their  letters,  previously  quoted,  and  there  is  every  reason  to  as- 
sume that  similar  documents,  modified  to  suit  American  practice, 
would  be  as  successful  in  this  country. 

Practical  and  Equitable  Contracts. 

It  is  gratifying  to  note  Mr.  Brown's  statement  that  one  of  the  largest 
offenders — the  United  States  Government- — is  sincerely  trying  to  pre- 
pare more  equitable   contracts. 

The  work  being  done  by  the  American  Institute  of  Architects,  as 
outlined  by  Mr.  Boring,  deserves  hearty  commendation,  as  it  shows 
an  awakening  among  architects  to  the  injustice  of  far  too  many 
contracts,  and  the  need  for  devoting  more  attention  to  the  prepara- 
tion of  such  documents.  The  writer  is  familiar  with  some  of  the 
preliminary  work  of  this  committee,  as  he  received  a  copy  of  one  of 
the  preliminary  reports,  with  a  request  to  criticize  it.  He  offered  to 
co-operate  with  the  committee,  but,  after  an  exchange  of  courtesies, 
it  was  considered  that  co-operation  would  not  be  advisable.  The 
writer  expects  to  be  one  of  those  who,  in  the  words  of  Mr.  Boring,  will 
"criticize  it  voluminously,"  but  such  criticism  will  apply  to  the 
specific  wording  adopted  by  the  committee  rather  than  to  the  spirit 
of  fair  play  which  distinguishes  their  prospective  documents  from 
the  "Uniform  Contract"  adopted  and  still  approved  by  the  American 
Institute  of  Architects.  The  "Uniform  Contract"  has  too  long  been 
the  guiding  star  for  architects  in  their  relations  with  contractors. 
It  is  hoped  that  the  work  of  obtaining  more  equitable  contracts, 
already  so  well  begun  by  the  American  Institute  of  Architects,  will 
be  carried  to  its  logical  conclusion,  and  that  eventually  there  may 
be  some  co-operation  in  the  preparation  of  such  documents  by  the  two 
societies. 
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Bonds  on  Contracts.  Mr. 

Bam  ford. 

The  writer  endorses  Mr.  Waddell's  statement  as  to  the  value  of 
bonds  on  contracts.  Such  bonds,  especially  of  surety  companies,  must 
be  carefully  read  before  acceptance,  as  they  are  apt  to  place  restric- 
tions and  conditions  on  their  responsibility,  so  that  an  owner  may 
be  unable  to  collect  in  case  of  default.  The  writer  prefers  to  refer, 
in  his  Invitation  for  Proposals,  to  a  bond  to  be  executed  similar  to 
one  attached  to  the  documents  of  the  particular  contract,  and,  in  the 
Proposals  submitted,  have  the  contractors  agree  to  execute  such  a 
bond.  When  the  contract  is  executed,  the  bond,  attached  to  the  contract 
as  a  separate  document,  is  then  executed  by  the  contractor.  It  is, 
therefore,  unnecessary  to  refer  to  the  bond  in  the  conditions  of  con- 
tract, as  such  reference  is  really  not  a  part  of  the  conditions. 

Agreement. 

Article  I. — Mr.  Higgins  suggests  adding  after  the  word,  "works,"  in 
the  second  line,  "and  deliver  complete,"  the  intention  being  to  secure 
a  completed  building  rather  than  only  such  work  as  is  distinctly  con- 
templated by  the  contract  documents.  The  suggested  modification 
is  one  of  those  requirements  which  are  most  troublesome  to  con- 
tractors. The  courts  have  held  in  many  cases  that,  where  the  con- 
tractor agrees  to  furnish  a  building  "complete"  as  shown  on  the 
drawings  or  described  in  the  specifications,  he  must  be  responsible 
for  all  conditions  and  do  everything  required  to  secure  a  complete 
structure.  Such  a  clause  has  often  been  invoked  by  engineers  to 
require  many  thing  not  specified  by  any  of  the  contract  documents, 
but  which  may  be  necessary  to  complete  the  structure.  This  is  not 
always  a  just  or  logical  position  for  an  engineer  to  take.  There  are 
many  parts  of  a  building  which  are  not  always  included  in  the  original 
general  contract,  and  may  later  be  awarded  to  independent  contract- 
ors. Take  the  foundations  for  large  work,  the  lighting,  plumbing, 
and  other  mechanical  work,  interior  decoration,  etc.;  these  may  be 
omitted  intentionally  in  order  to  award  them  to  independent  con- 
tractors. Why,  then,  should  a  contractor  be  expected  to  include  in  his 
estimate  everything  necessary  to  "finish  completely"  a  building,  if 
such  work  is  not  contemplated  by  the  contract  documents?  The  justi- 
fication for  the  theory  is  that  there  are  many  necessary  details  con- 
nected with  all  work  which  cannot  well  be  mentioned  specially,  or 
may  be  too  insignificant,  or  self-evident,  and  these  are,  therefore, 
legally  covered  by  the  general  statement,  "deliver  complete." 

The  contractor,  of  course,  should  be  required  to  finish  completely 
the  work  for  which  he  distinctly  contracts,  including  all  the  un- 
mentioned  but  necessary  details,  but  he  should  not  be  required  to 
assume  that  he  must  do  all  work  which  may  be  necessary  to  a  com- 
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Mr.       pleted    building,    if    such    work    is    not    mentioned    in    the    contract 

Bamford.    t  , 

documents. 

Sections  I  and  II  of  the  Conditions  of  Contract  will  serve  the  purpose 
intended  by  the  suggested  modification,  will  protect  properly  the  in- 
terests of  both  parties,  and  permit  questions  in  dispute  to  be  adjusted 
on  an  equitable  basis. 

Article  II. — The  ability  to  get  just  and  equitable  damages  in  case 
of  delay  is  not  a  simple  matter.  The  law  has  drawn  some  very  marked 
distinctions  between  damage,  liquidated  damage,  and  penalty  clauses. 
Mr.  Brown  has  given  a  very  masterly  discussion  of  many  of  the  dif- 
ficulties, using  the  writer's  unfortunate  clause  as  an  illustration. 
The  writer  does  not  believe  that  a  liquidated  damage  clause  should 
be  included  in  a  standard  form  of  contract,  but  should  be  a  matter 
for  special  consideration  in  each  contract.  The  writer's  clause  was 
inserted  in  the  paper  at  the  last  moment,  merely  to  call  attention  to 
the  subject,  and,  in  his  haste,  errors  were  made  in  wording  which 
should  not  have  occurred,  as  he  knew  better.  This  is  an  excellent 
illustration  of  the  need  for  a  carefully  considered  standard  form  of 
contract,  to  prevent  just  such  foolish  but  serious  errors  from  being 
made,  in  the  final  rush  to  put  work  under  contract. 

As  stated  by  Mr.  Bowman,  the  courts  have  held  in  many  cases  that 
an  extension  of  time  would  act  as  a  waiver  to  the  collection  of  damages. 
The  writer  desires  to  give  the  subject  more  study  before  suggesting 
a  clause  which  will  answer  the  purpose  of  the  usual  liquidated  damage 
clause,  because  such  clauses  do  not  always  indicate  the  most  equitable 
way  of  adjusting  compensation  for  delays  in  completion.  The  writer 
is  leaning  toward  the  elimination  of  the  liquidated  damage  clause 
and  using  instead  a  clause  fixing  the  maximum  liability  of  the  de- 
faulting contractor  by  reason  of  the  items  specifically  mentioned, 
leaving  to  the  owner  his  common  law  rights  to  recover  for  other  dam- 
ages, or  as  provided  by  Section  XXIII,  as  modified.  This  applies  par- 
ticularly to  building  contracts  where  an  owner  may  not  be  seriously 
damaged  by  delay  in  completion,  but  would  only  be  put  to  additional 
expense  by  reason  of  certain  known  items.  In  many  contracts — for 
railroads,  manufacturing  companies,  etc. — where  the  completion  of  the 
work  will  enable  the  owner  to  earn  a  revenue,  and  is  therefore  essential, 
the  lump-sum  liquidated  damage  clause  would  be  the  one  to  use. 

Mr.  Allen's  suggestion,  to  allow  a  bonus  for  completing  the  work 
ahead  of  contract  time,  as  well  as  exacting  a  penalty  for  delay,  is 
just  and  right  for  many  classes  of  work,  especially  of  the  revenue 
producing  class,  where  an  owner  will  be  directly  benefited  by  the 
completion  of  the  work  ahead  of  contract  time. 

Mr.  Thurston's  suggested  modification,  for  extension  of  time,  the 
writer  believes,  is  covered  by  Section  XXIV.    The  suggested  modifica- 
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tion  to  the  liquidated  damage  clause  is  equitable,  and  has  the  writer's      Mr. 
approval,  but  is  open  to  the  question  of  legality,  as  stated  above  and  ^^"^^<^^  • 
as  discussed  by  Mr.  Brown. 

Modification  of  Article  II. 

Omit  the  liquidated  damage  clause  from  the  standard  forms  of  con- 
tract, and  insert  a  clause  to  suit  each  particular  contract. 

Article  III. — The  clause  suggested  for  payment  for  work  should 
not  be  a  part  of  a  standard  form  of  contract,  as  the  methods  of  pay- 
ment will  vary  to  suit  the  special  conditions  of  each  contract,  and 
also  to  cover  the  various  so-called  systems  of  contracting  given  under 
the  heading,  "Systems  of  Contracting." 

The  special  provisions  of  the  California  law,  mentioned  by  Mr. 
Thurston,  would,  of  course,  have  to  be  observed  for  work  done  in  that 
State. 

The  suggestion  by  Mr.  Moore,  that  interest  should  be  allowed 
on  delayed  payments,  has  been  considered  seriously  for  many  years 
by  the  writer,  but  legal  difficulties  are  met  in  such  clauses.  The 
writer  believes  that  the  Charter  of  New  York  Citj  allows  contractors 
4%  on  deferred  payments,  which  is  too  small.  Even  if  a  contractor 
obtains  6%,  the  rate  at  which  he  must  usually  borrow  money,  the  prac- 
tice is  objectionable,  because  the  contractor  may  thus  be  forced  to 
use  his  credit  to  finance  the  work  for  an  owner.  The  owner  should 
be  held  to  make  definite  payments,  and,  if  for  any  reason  he  is  pre- 
vented, it  should  be  a  matter  for  equitable  adjustment,  as  provided  by 
Section  XXXIV.  It  should  be  noted  that  in  that  section,  as  well  as 
in  the  one  of  the  Royal  Institute  of  British  Architects,  reference  to 
arbitration  concerning  certificates  for  payments  can  be  made  at  any 
time,  whereas,  for  all  other  matters, ^arbitration  must  be  delayed  until 
the  substantial  completion  of  the  work.  Under  certain  conditions 
(Section  XXXIII)  the  contractor  may  terminate  the  contract  and 
collect  monies  due. 

Modification  of  Article  III. 

Omit  from  the  standard  form  of  contract  the  clause  regarding  the 
manner  of  payment,  and  insert  a  clause  to  suit  each  particular  contract. 

Article  IV. — The  modification  suggested  by  Mr.  Thurston  has  the 
writer's  approval,  but  he  believes  that  the  power  given  to  the  arbitrators 
(Section  XXXIV)  would  cover  the  condition  assumed. 

Schedule  of  Conditions  of  Contract. 

/. — Drawings  and  Specifications. — The  extension  of  time,  suggested 
by  Mr.  ITiggins,  for  delay  by  the  engineer  in  returning  drawings  is 
covered  by  Section  XXIV. 
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Mr.  ///. — Copies  of  Drawings  and  Specifications. — Mr.  Thurston's  objec- 

Bamford.  ^-^^^  ^^  ^^^  number  of  copies  allowed  the  contractor  is  well  taken,  but 

the  contractor   or    owner   should  pay  for   additional   copies   required, 

beyond  a  definitely  agreed  number,  and  not  force  the  engineer  to  bear 

this  expense. 

Modifications  of  Section  III. 

Omit  the  second  sentence,  beginning  on  line  four,  and  insert  in  lieu 

thereof,  "One  copy  of  all  full-sized  details  and copies  of  all  other 

drawings  and  of  the  specifications  shall  be  furnished  by  the  Engineer 
free  of  cost,  to  the  Contractor,  for  his  own  use;  also  such  additional 
copies,  at  cost,  as  may  be  necessary  for  the  proper  execution  of  the 
works." 

In  the  next  to  the  last  line,  omit  "of  making,"  and  insert  in  lieu 
thereof,  "he  receives." 

IV. — Conform  to  Laws,  Regulations,  Etc. — Mr.  Thurston  believes 
that  the  owner,  or  his  engineer,  and  not  the  contractor,  should  obtain 
the  permit  for  the  erection  of  the  building.  This  is  the  writer's  prac- 
tice, and  his  experience  is  that  building  laws  require  the  owner  to 
obtain  such  permits;  therefore,  according  to  the  last  sentence  of  the 
section,  the  owner  and  not  the  contractor  would  be  required  by  the 
contract  to  obtain  such  permit.  The  owner,  of  course,  should  be 
responsible  for  obtaining  the  original  permit  to  build,  otherwise  he 
might  be  trying  to  force  a  contractor  to  erect  a  building  which  is  con- 
trary to  the  building  laws.  In  order  to  prevent  any  question  arising, 
the  following  modification  is  suggested: 

Modification  of  Section  IV. 

In  the  next  to  the  last  line,  affer  "licenses"  and  before  "give,"  insert 
"except  the  permit  for  the  erection  of  the  building,  and  shall." 

VII. — Assignment  of  Contract. — Mr.  Thurston's  objection  to  this 
section  raises  the  perplexing  question  of  the  status  of  the  sub-contractor 
on  the  work.  The  writer's  practice,  which  he  considers  equitable,  is 
as  suggested  by  Mr.  Thurston,  namely,  to  require  contractors  to  submit 
a  list  of  their  prospective  sub-contractors  before  the  execution  of  the 
contract.  The  contract  is  then  awarded,  with  a  distinct  understanding 
as  to  which  of  those  on  the  list  submitted  would  not  be  satisfactory, 
and  the  contractor  is  permitted  to  revise  or  modify  this  list  of  sub- 
contractors, in  order  to  overcome  any  objections  before  the  contract  is 
executed.  It  is  the  writer's  experience,  however,  that  a  contractor  is 
seldom  prepared  to  name  more  than  his  principal  sub-contractors,  and 
these  sub-contractors  usually  again  sublet  portions  of  their  work,  and 
so  on,  down  to  the  seventh  and  eighth  degree.     It  is  the  writer's  prac- 
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tice,  therefore,  to  place  it  in  the  power  of  a  contractor  to  have  all  his      Mr. 
sub-contractors,  sub-sub-contractors,  etc.,  passed  upon  before  the  execu- 
tion of  the  contract.     If,  for  any  reason,  he  does  not  do  this,  he  should 
not  object  to  the  reservation  to  place  a  disapproval,  for  good  reasons, 
upon  sub-contractors  selected  after  the  execution  of  the  contract. 

In  theory  the  engineer  or  owner  should  hold  the  general  contractor 
alone  responsible,  and  ignore  entirely  the  sub-contractors.  The  writer's 
experience  has  amply  justified  his  practice  of  requiring  the  principal 
sub-contractors  and  as  many  others  as  possible  to  be  passed  upon  before 
the  execution  of  the  contract;  and,  after  the  execution,  reserving  a  veto 
power.  Such  power  can  be,  and  probably  has  been,  greatly  abused,  but, 
with  the  final  redress  to  arbitration,  the  writer  has  not  been  able  to 
devise  a  more  equitable  method  for  both  owner  and  contractor. 

Modification  of  Section  VII. 

Omit  the  last  sentence  and  insert  in  lieu  thereof,  "No  sub-contractor 
shall  be  employed  of  whom  the  Engineer  has  made  written  objections, 
within  a  reasonable  time  after  notification,  and  the  Contractor  shall 
assume  full  responsibility  for  all  his  sub-contractors." 

VIII. — Work  hy  Other  Contractors. 

Modification  of  Section  VIII. 

In  the  next  to  the  last  line,  omit  "his"  and  insert  in  lieu  thereof 
"their." 

IX. — Materials,  Etc.,  to  Conform  to  Specifications. — Mr.  Thurston's 
modification  of  this  section  is  accepted. 

Modifications  of  Section  IX. 

In  line  four  omit  "furnish  him  with  vouchers  to  prove,"  and  insert 
in  lieu  thereof,  "prove  to  his  reasonable  satisfaction  by  vouchers  or 
other  data." 

In  line  five,  modify  the  words  "also  furnish"  to  read  "also,  as 
required,  furnish." 

XII.— Clerk  of  Works. — The  writer  agrees  with  Mr.  Thurston  that 
this  section  would  seem  to  be  unnecessary,  as  the  contract  is  assumed 
to  recognize  only  the  "Engineer."  There  have  been,  however,  too  many 
cases  in  which  there  has  been  conflict,  and  repudiation  of  orders  re- 
ceived from  Assistant  Engineers,  Resident  Engineers,  Superintendents 
of  Construction,  etc.,  who  are  apparently  vested  with  authority  by  the 
"Engineer"  to  act  in  his  name,  but  who,  later,  may  be  found  to  lack 
such  authority,  except  to  a  limited  extent,  not  known  to  the  con- 
tractor. This  applies  more  particularly  to  large  corporations.  Experi- 
ence, therefore,  seems  to  justify  this  specific  provision  in  a  contract. 
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Mr.  An  interesting  statement  of  experiences  is  contained  in  the  paper 

■  and  discussion*  on  "Precarious  Expedients  in  Engineering  Practice," 
by  John  Hawkesworth,   Assoc.   M.   Am.   Soc.   C.   E. 

XIII. — Worlc  to  he  Opened  Up. — Mr.  Thurston's  objection  to  this 
section  would  seem  at  first  glance  to  be  well  taken,  but  the  writer 
believes  that  other  sections  will  offset  the  objection  raised. 

There  are  many  times  when,  without  any  inconvenience  to  the 
contractor,  work  at  a  particular  place  could  be  suspended  to  permit 
the  installation  of  work  by  other  contractors,  or  a  study  of  the  situa- 
tion by  the  engineer.  Usually,  of  course,  a  contractor  will  offer  no 
objection  to  a  reasonable  delay.  Many  cases  have  arisen  in  the  writer's 
experience  where  friction  or  rivalry  between  independent  contractors 
on  the  work  has  necessitated  ordering  a  cessation  of  work  temporarily 
at  a  particular  point  until  other  contractors  could  install  their  work 
in  a  reasonable  time.  This,  of  course,  was  in  the  interest  of  the  whole 
work,  and  seldom  caused  any  material  inconvenience  to  the  contractor 
delayed,  although  the  friction  between  the  two  contractors  was  openly 
acknowledged  and  the  work  would  not  have  been  delayed  by  either  one 
to  assist  the  other  if  he  could  have  prevented  such  delay.  The  Royal 
Institute  of  British  Architects  has  a  similar  section,  so  that  apparently, 
it  has  encountered  similar  difficulties.  Should  the  engineer  arbitrarily 
injure  the  contractor  by  delaying  the  work,  there  would  seem  to  be 
plenty  of  legal  redress  under  Section  XXIII-A,  Contractor's  Claim 
For  Damages;  Section  XXIV,  Extension  of  Time;  Section  XXXIII, 
Termination  of  Contract  by  Contractors;  and  Section  XXXIV, 
Arbitration. 

Modification  of  Section  XIII. 

In  line  two,  change  "within  such  times"  to  "within  such  reasonable 
times." 

XV. — Defective  WorTh. — Mr.  Thurston  does  not  object  to  the  con- 
tractor being  required  to  make  good  any  defects  arising  within  a  stated 
time  after  completion,  but  he  objects  to  placing  the  clause,  "any 
damage  to  pointing  by  frost  appearing  within  the  like  period,"  in  the 
conditions  of  contract  rather  than  in  the  specifications.  In  all  cases 
the  contractor  should  be  responsible  for  the  pointing  for  as  long  a  time 
as  for  the  other  defects.  He  believes,  therefore,  that  it  should  be 
included  in  the  conditions  of  contract,  and  may  be  repeated  in  the 
specifications,  if  desired. 

XYI. — Copy  of  Quantities,  Etc. — Mr.  Allen's  remarks,  about  the 
possible  abuses  by  engineers  in  the  uses  made  of  contractor's  quantities, 
are  pertinent,  and  the  writer  has  tried  to  minimize  in  this  section  the 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  LXVII,  p.  33. 
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most  serious  objections  to  such  requirements.  It  should  be  noted  that  Mr. 
the  section  requires  statements  "for  each  general  item  of  work,"  and  ^^  ^^^ ' 
that  "the  above  schedule  shall  be  for  the  use  of  the  Engineer,  at  his 
discretion,  only  in  preparing  estimates  for  payments  on  account  to  the 
Contractor."  It  is  not  intended  that  an  engineer  should  demand,  under 
this  section,  a  detailed  statement  which  he  could  later  bring  forward 
as  a  lever  with  which  to  force  a  contractor  to  alter  any  subsequent 
estimates.  The  writer's  practice  is  to  require  such  a  statement  after 
the  contractor  has  been  tentatively  selected  and  before  the  contract  is 
executed.  Then  such  schedules  cannot  be  used  to  influence  the  various 
other  bidders  to  alter  their  estimates  (for  private  work),  as  has  been 
sometimes  stated,  after  the  bids  are  opened  and  before  the  contract  is 
executed.  The  engineer  is  thus  able  to  obtain  from  the  contractor  a 
satisfactory  schedule,  and  the  contractor  is  assured  that  it  will  be 
used  for  its  legitimate  purposes  only.  Such  a  schedule  is  not  intended 
to  serve  the  same  purpose  as  the  British  "Schedule  of  Quantities." 

XVII. — Variations  and  Extras. 
Modification  of  Section  XVII. 

Alter  the  last  sentence  to  road:  "Any  such  variation  or  extra  is 
hereinafter  referred  to  as   an  authorized  variation  or  extra." 

XVIII. — Price  for  Extras. — The  remarks  of  Messrs.  Waddell, 
Thurston  and  Allen  are  interesting,  as  showing  different  practical 
views  of  the  merits  of  unit  prices.  The  writer  has  also  commented 
briefly  on  the  subject  under  "Systems  of  Contracting." 

It  would  seem  that,  in  principle,  the  four  methods  of  payraent 
suggested  for  extras  should  cover  equitably  the  difficulties  encountered 
in  the  adjustment  of  variations  and  extras,  and  special  consideration 
is  requested  for  the  original  section,  as  herein  modified. 

Modifications  of  Section  XVIII. 

At  the  end  of  the  first  paragraph  insert  "The  amount  to  be  allowed 
on  either  side  in  respect  of  the  variations  so  ascertained  shall  be 
added  to  or  deducted  from  the  contract  sum,  as  the  case  may  be. 
In  variations  involving  the  omission  of  work,  the  amount  to  be  de- 
ducted for  such  omission  shall  be  based  on  the  net  cost,  as  given 
under  'Cf  plus  ....  %  for  prospective  profit." 

Under  "C,"  first  line,  change  "will"  to  "shall." 

In  line  seven,  under  *'C,'*  omit  "actual  cost"  and  insert  in  lieu 
thereof,  "net  cost  when  new." 

In  line  ten,  under  "Cf  insert  after  "conclusively"  and  before 
"that"  the  words,  "to  the  reasonable  satisfaction  of  the  engineer." 

Omit  the  last  sentence  under  ''C." 
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Mr.  XIX. — Damage  to  Persons  and  Property. — The  writer  frankly  ad- 

Bamford.  j-^^j^g    ^j-,^^    ^j^jg    section    has    been    a    thorn    in    his    flesh    for    some 

time.  Mr.  Wait's  criticism  has  his  hearty  approval.  It  would 
seem  to  the  writer  that  for  political  or  other  reasons,  false  liens 
can  be  placed  on  property  to  harass  the  contractor,  and  he  can  see 
no  legal  way  to  overcome  the  difficulty  by  any  provision  of  the  con- 
tract. Let  us  assume  that  a  self-evident  false  lien  is  placed  on  a 
building,  the  owner  is  then  legally  responsible  if  he  makes  further 
payments  to  the  contractor.  The  case  is  delayed  and  delayed  and 
finally  comes  to  trial  by  jury.  (Juries  have  been  known  to  render 
most  peculiar  verdicts.)  If  the  lien  is  sustained  and  judgment  award- 
ed, the  owner  alone  is  held  for  payment.  It  would  seem,  therefore, 
as  long  as  there  are  mechanics'  lien  laws  which  permit  action  being 
taken  against  the  owner  and  the  property,  that  the  only  safe  course 
for  an  owner  to  take  or  an  engineer  to  recommend,  is  to  require  con- 
tractors to  bond  any  liens  placed  on  the  property,  or  else  withhold 
a  sufficient  amount  of  money  due  the  contractor  to  cover  the  threatened 
lien. 

Mr.  Wait  objects  to  the  phrase  "caused  by  or  alleged  to  have  been 
caused  by."  This  undoubtedly  may  cause  hardship  to  a  contractor  by 
reason  of  alleged  claims.  On  the  other  hand,  what  protection  has  an 
owner  if  claims,  no  matter  how  flagrantly  unjust,  are  "alleged  to  have 
been  caused"  by  the  contractor?  It  would  obviously  look  as  if  the 
contractor  and  not  the  owner  should  be  the  only  one  who  could  prop- 
erly defend  such  claims  and  prevent  judgment  being  taken  against 
the  owner.  Any  equitable  and  legal  solution  of  the  injustice  which 
can  be  caused  by  false  claims  would  be  welcome. 

Various  liability  companies  issue  policies  by  which  they  indemnify 
the  owner  and  contractor  against  any  and  all  claims  or  alleged  claims. 
At  present  this  seems  to  be  a  practical  way  out  of  the  difficulty,  as 
the  premium  would  be  charged  against  the  owner  by  the  contractor 
in  his  estimate.  The  writer  has  often  suspected  that  probably  the 
liability  insurance  companies  were  fostering  the  necessity  for  con- 
tractors to  obtain  liability  insurance.  The  recent  disclosures  in  the 
insurance  investigation  in  New  York  by  the  Superintendent  of  In- 
surance have  not  tended  to  allay  this  suspicion. 

The  section  suggested  by  the  writer  has  always  seemed  to  him  to 
be  unnecessarily  verbose,  and  he  has  often  used  a  clause  similar  to  that 
suggested  by  Mr.  Thurston.  The  section  suggested,  however,  was 
prepared,  revised,  analyzed,  dissected,  approved,  and  recommended  by 
some  of  the  ablest  members  of  the  New  York  bar  for  the  use  of  a 
large  corporation  for  which  the  writer  has  prepared  many  contracts. 
Every  time  he  has  suggested  modifications  or  simplification  he  has 
been  met  with  most  plausible  arguments  from  prominent  lawyers  who 
insisted  that  justice  to  both  contractor  and  owner  could  only  be  secured 
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by  the  section  as  given.    The  writer,  therefore,  has  given  it  as  being      Mr. 
recommended  by  most  eminent  authority,  but  he  has  always  had  a  secret  ^^™^o^^- 
feeling  that  it  could  be  legally  simplified  without  losing  its  effective- 
ness.   For  the  present,  however,  he  will  leave  to  others  the  pleasure 
of  offering  legally  correct  modifications. 

XXIII. — Damages  for  Delay. — The  writer  agrees  with  Messrs.  Bow- 
man and  Allen  that  the  contractor  should  be  entitled  to  obtain  damages 
as  well  as  to  pay  damages  due  to  delays  incident  to  the  work.  The 
illustrations    cited   by   them   are   striking   and    instructive. 

Through  an  oversight,  a  section,  intended  to  recognize  the  con- 
tractor's right  to  damages,  was  omitted  from  the  paper.  This  section 
was: 

XXIII- A. — Contractor  s  Claim  for  Damages. — Should  the  Con- 
tractor be  damaged  by  the  act,  neglect,  or  default  of  the  Owner  or  the 
Engineer,  then  the  amount  of  said  damage  shall  be  determined  and 
awarded  by  the  Engineer,  subject  to  arbitr^ction ;  provided,  however, 
that  no  allowance  shall  be  made  unless  a  written  claim  therefor  be 
presented  to  the  Engineer  as  soon  as  reasonably  possible  after  the  oc- 
currence of  such  damage. 

Mr.  Bowman's  statement,  that  an  extension  of  time  provides  the 
exclusive  remedy  to  a  contractor,  should  be  considered  carefully. 
When  provision  is  made  for  extension  of  time,  liquidated  damages, 
and  damages  to  a  contractor,  the  question  may  well  arise:  Which 
should  take  precedence  in  a  particular  case,  and  what  interpretation 
might  the  law  place  on  such  provisions?  The  writer  desires  to  con- 
sider the  question  more  thoroughly.  He  feels,  however,  that  provision 
for  liquidated  damages  should  be  omitted  from  many  contracts,  and 
an  attempt  made  to  have  requirements  which  will  grant  a  fair  and 
reasonable  extension  of  time  or  proper  damage  when  an  extension  of 
time  would  not  afford  equitable  redress. 

The  last  clause  should  be  omitted,  as  it  will  conflict  with  a  liqui- 
dated damage  clause,  should  one  be  used,  as  stated  clearly  by  Mr. 
Brown. 

Modification  of  Section  XXIII. 
Omit  the  last  paragraph. 

XXIV. — Extension  of  Time. — Mr.  Thurston  objects  to  the  use  of 
the  foreign  phrase,  "force  majeure/"  as  not  being  as  clear  as  the  Eng- 
lish language  can  make  it.  Modern  jurisprudence,  both  English  and 
American,  still  uses  many  Latin  phrases  because  they  express  more 
tersely  a  well-established  legal  meaning  than  their  equivalent  English 
translations.  Eor  the  same  reason  English  jurisprudence  has  held 
fast  to  many  French  expressions,  of  which  ''force  majeure"  is  one. 
The  English  translation  would  probably  be  given   as   "forces  beyond 
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Mr.       our  control."   Many  recent  American  judicial  decisions  would  indicate 

Bamford.  ^j^^^  ^^iq  English  translation  is  not  as  well  established  in  the  eyes  of 

the  law  as  is  the  French  phrase  in  English  jurisprudence.   Eor  the  sake 

of  brevity  and  legal  clearness,  the  writer  prefers,  for  the  present,  to 

retain  the  phrase,  "force  majeure/'' 

Mr.  Bowman's  statement,  that  an  extension  of  time  has  been  held 
to  prevent  a  contractor  from  recovering  damages,  should  be  seriously 
considered.  The  writer  has  partly  treated  this  subject  under  the  pre- 
ceding section.  It  would  seem  that,  by  a  modification  of  this  section, 
requiring  a  contractor  to  apply  for  an  extension  of  time,  the  difficulty 
might  be  adjusted  satisfactorily.  With  such  a  proviso,  if  a  contractor 
applies  for  an  extension  of  time  under  this  section,  he  would  be 
precluded  from  also  demanding  damages  under  Section  XXIII-A, 
and  if  he  demands  damages  under  that  section,  he  would  then  be 
precluded  from  also  demanding  an  extension  of  time.  The  engineer 
would  make  his  award  on  the  claim  as  made,  and  either  the  owner  or 
contractor,  if  dissatisfied,  could  have  the  privilege  of  taking  an  appeal 
to  arbitration. 

Modifications   of  Section  XXIV. 

In  line  fourteen,  insert  "shall"  in  place  of  "will." 
In  line  fifteen,  at  the  end  of  the  sentence,  add  "unless  the  Con- 
tractor shall  have  made  claim  for  damages  for  such  delay  in  accord- 
ance with  Section  XXIII-A,  provided,  however,  the  Contractor 
applies  for  such  extension  of  time  as  soon  as  reasonably  possible  after 
the  occurrence  of  the  delay." 

XXIX. — Sub-Contractors. — Objections  are  often  made  that  the  con- 
tract between  the  owner  and  contractor  provides  no  security  to  a  sub- 
contractor, and  it  is  contended  that  the  contract  should  provide  such 
protection.  The  sub-contractor  is  legally  responsible  to  the  general 
contractor,  and  it  is  to  him  that  he  must  look  for  redress,  except  as  is 
otherwise  provided  by  mechanics'  lien  laws. 

Sub-contractors  neglect  too  often  to  have  a  written  contract  with 
the  general  contractor;  or,  in  many  cases,  they  use  the  form  intended 
for  a  direct  contract  with  an  owner.  The  forms  suggested  in  this 
paper,  as  well  as  the  majority  of  other  forms,  are  not  intended  for 
use  between  contractors  and  sub-contractors.  Mr.  Bowman's  state- 
ment is  a  timely  warning  to  sub-contractors. 

XXX. — Payment  and  Certificate. — Mr.  Lowinson  believes  that  the 
engineer  should  not  be  required  to  make  a  search  for  liens,  but  that 
the  owner  should  do  so. 

Section  XXX  does  not  require  that  the  engineer  shall  make  a 
search  for  liens,  but  merely  provides  that  the  evidence  of  a  lien  is  a 
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legal  reason  for  the  engineer  to  withhold  such  a  proportion  of  a  cer-       Mr. 
tificate  otherwise  due  as  will  cover  such  lien  until  it  is  paid  or  bonded.  ^^"^*^^''^- 
Under  Section  XXXI,  Liens,  the  owner  is  also  authorized  to  withhold 
from  money  due  an  amount  sufficient  to  cover  any  liens. 

The  power  reserved  to  an  engineer  to  withhold  money  for  liens 
of  which  he  has  received  knowledge  is  sometimes  very  desirable,  espe- 
cially where  working  for  large  corporations.  The  writer's  practice,  also 
as  suggested  by  Mr.  Lowinson,  is  for  the  engineer  to  issue  his  cer- 
tificate for  the  amounts  due  and  to  stamp  across  the  face,  "make 
search  for  liens."  The  owner  then  makes  the  search  for  any  liens, 
and  withholds  payment  for  an  amount  to  cover  them. 

XXXI. — Liens. — The  objections  by  Messrs.  Wait,  Thurston,  Lowin- 
son, and  Moore  have  been  answered  under  Section  XIX,  Damage  to 
Persons  and  Property. 

A  lien  against  property,  whether  false  or  true,  legally  stands 
against  the  owner  until  bonded  or  removed.  If  the  owner  pays  the 
contractor  he  takes  a  great  risk,  because  the  contractor  will  then 
lose  his  vital  interest  in  opposing  the  false  claim,  and  he  is  usually 
the  only  one  who  can  offer  a  satisfactory  defence,  the  owner  lacking  the 
necessary  information  or  documents.  Therefore,  if  the  contractor  is 
paid  and  the  false  claimant  pushes  his  suit  to  trial,  the  owner  is 
likely  to  lose  and  to  be  forced  to  pay  the  false  claimant. 

The  writer  would*  welcome  any  legal  remedy  which  would  protect 
properly  both  the  contractor  and  the  owner  against  a  flagrant  abuse 
of  the  lien  laws,  especially  for  spite  or  political  purposes. 

The  suggested  modification  by  Mr.  Thurston  would  not,  in  the 
writer's  opinion,  serve  any  useful  purpose,  because  he  knows  of  no 
legal  means  which  an  owner  can  take  to  pay  a  contractor  and  also  pro- 
tect his  own  interests,  except  by  bonding  such  claims.  Any  false 
liens  can  be  removed  from  the  records  much  better  by  the  contractor 
than  by  an  owner. 

XXXIII. — Termination  of  Contract  hy  Contractor. — Under  Sec- 
tion XVIII,  Price  for  Extras,  a  modification  allowing  a  contractor 
a  percentage  for  prospective  profit  on  modifications  involving  the 
omission  of  work  is  suggested. 

While  recognizing  the  justice  of  Mr.  Thurston's  suggestion,  regard- 
ing the  allowance  for  anticipated  profits  to  a  contractor  by  reason  of 
the  termination  of  the  contract,  the  writer  believes  that  this  section, 
with  the  possibility  of  a  claim  for  damages  under  Section  XXIII-A, 
and  appeal  to  arbitration  under  Section  XXXIV,  is  as  far  as  it  is 
legally  and  equitably  advisable  to  go  at  this  time.  On  a  large  contract, 
which  might  be  terminated  shortly  after  it  was.  started,  the  anticipated 
profits  might  be  out  of  all  proportion  to  the  amount  which  a  con- 
tractor  might   reasonably   be   expected   to   receive.     There   would   also 
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Mr.      be  too  great  an  incentive  for  a  contractor,  who  early  recognized  that  he 
am  or  ■  -j^sid.  not  made  a  good  bargain,  to  work  around  to  a  termination  of 
the  contract,  in  order  not  only  to  devote  his  attention  to  more  profit- 
able work,  but  also  to  collect  alleged  anticipated  profits. 

The  courts  have  not  looked  with  favor  on  the  majority  of  claims 
for  anticipated  profits.  More  justice  to  both  parties  might  be  secured 
if  the  contractor  claimed  damages  under  Section  XXIII- A. 

XXXIV. — Arbitration. — Mr.  Thurston's  objection,  that  the  pro- 
vision relating  to  the  appointment  of  an  arbitrator,  in  certain  cases, 
by  the  President,  for  the  time  being,  of  the  American  Society  of  Civil 
Engineers  or  the  American  Institute  of  Architects,  would  be  impracti- 
cal outside  of  the  vicinity  of  New  York  City,  does  not  meet  the  writer's 
views.  Both  these  organizations  are  National  in  scope,  and  their  Presi- 
dents are  selected  from  the  country  at  large.  It  is  the  character  of 
such -representative  men,  and  not  the  mere  incident  of  their  place  of 
residence,  which  would  assure  their  appointing  an  arbitrator  fitted  to 
handle  a  case  in  the  locality  of  the  contracting  parties. 

The  writer  regrets  that  Mr.  Wait  should  have  interpreted  this 
section  as  conferring  the  right  to  appeal  any  or  all  subjects  at  any 
time,  rather  than  as  limiting  appeals  to  only  those  matters  to  which 
exception  was  taken  within  a  reasonable  time  after  the  engineer  had 
rendered  a  decision.  The  section  states,  in  the  first  and  third  para- 
graphs, "  *  *  *  then  either  party  shall  forthwith  give  to  the 
other  notice  of  such  dispute  or  difference,  and  such  dispute  or  difference 
shall  be  and  is  hereby  referred  *  *  *.  Such  reference,  except  on 
the  question  of  certificate,  shall  not  be  opened  up  until  after  the  com- 
pletion or  alleged  completion  of  the  works,  unless  with  the  written 
consent  of  the  Owner  or  Engineer  and  the  Contractor.  The  arbitrator, 
or  arbitrators,  shall  have  power  *  *  *  to  determine  all  matters  in 
dispute  which  shall  be  submitted  to  him  or  them,  and  of  which  notice 
shall  have  been  given  as  aforesaid  *  *  *."  These  provisions  follow 
those  of  the  Royal  Institute  of  British  Architects,  and,  the  writer 
trusts,  overcome  Mr.  Wait's  objection. 

Mr.  Wait's  criticism  of  the  usual  practice  of  having  three  arbi- 
trators, and  his  endorsement  of  referring  questions  in  dispute  to  a  single 
arbitrator,  have  the  writer's  entire  and  enthusiastic  support.  In  prepar- 
ing this  section  the  writer  had  in  mind  the  general  American  leaning 
toward  three  arbitrators,  rather  than  to  only  one,  and  he  felt  constrained 
to  arrange  the  clause  to  suit  all  classes  and  conditions  of  men.  It  should 
be  noted  that  the  section  as  given  provides  first  for  the  appointment  of 
three  arbitrators  to  be  nominated  by  the  contracting  parties  in  the 
usual  way.  They  can  thus  have  the  usual  and  cumbersome  three  if 
they  desire.  They  may,  however,  by  mutual  consent,  nominate  a  single 
arbitrator.     Should  either  one  prefer  a  single  arbitrator  he  has  only 


DISCUSSION  :     AGREEMENTS    FOR    BUILDING     CONTRACTS  545 

to  refuse  to  nominate  one  of  the  three  arbitrators,  and,  in  the  event  of  Mr. 
his  failure,  the  reference  is  then  submitted  to  one  of  the  two  single  ^  ^^  ' 
arbitrators  agreed  upon  at  the  time  of  executing  the  contract  and  for 
which-  blanks  are  provided  in  the  forms.  Should  either  of  these  men 
fail  or  be  unable  to  act,  or  should  the  blanks  not  be  filled  at  the  time 
of  the  execution  of  the  contract,  then  a  single  arbitrator  shall  be 
appointed  by  the  President,  for  the  time  being,  of  the  American  Society 
of  Civil  Engineers,  or  the  American  Institute  of  Architects.  The 
writer  feels,  therefore,  that  he  has  covered  almost  every  contingency 
except  a  national  catastrophe,  and  that  any  contracting  party  could 
secure  the  appointment  of  a  proper  judge  to  review  his  disputes. 
Having  now  given  a  universal-panacea  arbitration  clause,  the  writer 
will,  in  his  modification,  offer  a  substitute  clause  providing  only  for  a 
single  arbitrator.  This  modified  clause  follows  more  closely  the  one 
approved  by  the  Royal  Institute  of  British  Architects,  which  is  given 
in  full  in  the  paper. 

The  writer  heartily  endorses  the  opinion  of  Messrs.  Wait  and 
Waddell  that  the  only  way  to  insure  that  both  parties  will  carry 
out  the  provisions  of  an  arbitration  clause  is  by  requiring  them 
to  give  a  bond  for  faithful  performance.  It  must  be  understood, 
however,  that  the  writer  endorses  this  bond  because  the  laws  of 
most  of  our  States  do  not  contain  provisions  similar  to  the  English 
Arbitration  Act  1889,  which  legally  compels  observance  of  arbitra- 
tion clauses,  as  will  be  shown  later. 

In  reading  judicial  decisions,  as  well  as  comments  by  lawyers  and 
engineers,  the  writer  has  been  surprised  to  see  that  there  seems  to  be 
an  almost  unanimous  opinion  that,  in  the  United  States,  arbitration 
clauses  will  never  be  upheld,  because  they  are  always  intended  to  act 
as  a  final  decision  and  thereby  deprive  the  courts  of  their  inalienable 
rights  of  review  under  the  Constitution.  The  discussions  by  Messrs. 
Wait,  Waddell,  Wilkins,  Kuggles,  and  Lowinson  also  seem  to  be  to 
the  same  effect. 

In  view  of  the  almost  unaminous  opinion  that  there  are  constitu- 
tional limitations  to  a  proper  solution  of  the  various  technical  ques- 
tions by  means  of  arbitration  clauses  which  cannot  be  repudiated  at 
will,  the  writer  is  especially  timorous  about  presenting  his  personal 
views. 

The  fundamental  principles  of  English  and  American  jurisprudence 
are  the  same;  there  is  an  English  Arbitration  Act  1889;  letters 
(previously  given)  from  the  Royal  Institute  of  British  Architects, 
the  Institute  of  Builders,  and  the  National  Federation  of  Building 
Trades  Employers  of  Great  Britain  and  Ireland  all  state  that  the 
English  statute  is  reasonably  satisfactory  in  its  operation;  therefore, 
why  cannot  a  similar  statute  work  with  equal  satisfaction  in  any  of 
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Mr.       our  States?     The  writer  believes  that  it  can,  but  that  the  principles 
am  or  .  underlying  the  English  act  are  not  fully  appreciated  in  this  country. 

The  English  act,  therefore,  can  safely  be  taken  as  a  legal  model 
for  adoption  by  the  various  States  where  it  is  desired  to  make  arbitra- 
tion as  successful  a  means  as  possible  for  adjusting  many  technical 
disputes. 

In  order  to  obtain  a  better  understanding  of  some  of  the  excellent 
provisions  of  the  English  Arbitration  Act  1889,  the  writer  has  selected 
extracts  from  the  standard  work  on  Arbitration  by  Professor  Bannister 
Fletcher.* 

"In  order  to  assist  the  reader  in  arriving  at  a  clear  understanding 
of  our  subject,  we  propose  to  consider,  first,  how  arbitrations  may  arise. 
The  Modes  of  Arhitration  may  be  divided  into  three  classes : 

"1.  By  order  of  a  judge,  or  of  the  Court,  before  or  in  the  course 
of  trial. 

"2.  Under  one  of  the  especial  Acts  of  Parliament  which  provide 
for  the  settlement  by  arbitration  of  disputes  arising  under  them. 

"3.  By  consent  of  the  parties. 

"1.  By  Order  of  a  Judge  or  Court. — Nothing  is  more  common,  in  an 
action  involving  technical  questions  after  the  judge,  jury,  witnesses, 
counsel,  and  solicitors  are  assembled,  the  pleadings  opened,  and  the 
first  few  introductory  sentences  spoken  by  the  counsel  for  the  plaintiff, 
than  for  the  judge  to  suggest  that  it  is  really  a  matter  for  arbitration. 
Usually,  after  this  expression  of  opinion  from  the  Bench,  the  case  is  at 
once  referred,  and  the  arbitrator  not  unfrequently  nominated  by  the 
judges.     (See  Sec.  14  of  the  Act.) 

*  -je-  -x-  *  *  *  * 

"The  reference  under  Sec.  14  is  a  reference  for  trial,  and  the  order 
can  be  made  either  before  the  case  gets  into  Court  or  in  Court;  but 
the  jurisdiction  to  make  the  order  depends  on  the  case  falling  within 
(h)  or  (c).  If  the  case  does  not  fall  within  these  sub-sections,  the 
order  can  only  be  made  by  consent  of  the  parties  under  (a).  The  juris- 
diction is  also  subject  to  the  right  given  to  the  parties  under  certain 
cases  of  having  a  trial  by  jury.  (See  Order  of  Supreme  Court 
XXXVI,  Eule  6.) 

******* 

"3.  By  Consent.— The  third  (and  certainly  in  our  opinion  the  best) 
mode  in  which  arbitrations  may  arise  is  by  consent  of  the  parties.  We 
say  advisedly  the  best  mode,  because  hereby  is  saved  all  the  enormous 
cost  of  preparing  for  trial,  which,  if,  as  is  probable,  the  case  is  after 
all  referred,  is  entirely  thrown  away.  It  must,  therefore,  often  be 
advantageous  to  agree  at  the  outset  to  settle  any  differences  by 
arbitration. 

"Among  matters  which  may  be  agreed  to  be  referred  are  also  any 
^future  differences'  which  may  arise  between  parties,  although  none  at 
present  exist.  Thus  parties  may  give  the  arbitrator  power  to  determine 
on  contingent  claims,  or  on  matters  in  dispute,  or  demands  arising  after 
the  date  of  submission. 


*  See  Bibliographical  Notes,  p.  444. 
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"Formerly,  a  very  re^iiarkable  point  in  connection  with  arbitrations  Mr. 
was  one  the  reason  or  justice  of  which  we  confess  we  did  not  compre-  ^^  ^^  ' 
hend.  It  was  that  neither  at  law  nor  in  equity  could  the  fact  that  an 
arbitration  was  pending  be  pleaded  as  a  bar  to  an  action  or  suit  for 
the  same  demand,  and  this  even  though  the  submission  was  made  a 
rule  of  a  court  of  common  law.  The  exceptions  were  when  there  was  a 
covenant  not  to  sue  (which  will  suffice  to  stay  proceedings  in  equity), 
or  when  there  was  an  agreement  that,  'in  consideration  of  the  defendant 
consenting  to  refer  matters  in  dispute  in  an  action,  the  plaintiff  will 
accept  such  agreement  in  satisfaction  of  all  damage  in  respect  of 
certain  other  matters,  and  a  reference  thereon.'  This  could  be  pleaded 
as  satisfaction  to  an  action  in  respect  of  the  last-mentioned  matters. 

"If,  however,  the  submission  contained  an  express  stipulation  that 
no  action  should  be  brought,  the  Court  would,  on  application,  stay  pro- 
ceedings in  any  action  commenced  contrary  to  such  stipulation. 

"Previous  to  the  passing  of  the  Arbitration  Act  of  1889  these  points 
applied  to  England  and  Wales,  but  now,  under  Sec.  4  of  the  Act,  it  is 
defined  that : 

"  ^If  any  party  to  a  submission,  or  any  person  claiming  through  or 
under  him,  commences  any  legal  proceedings  in  any  court  against  any 
other  party  to  the  submission,  or  any  person  claiming  through  or  under 
him,  in  respect  of  any  matter  agreed  to  be  referred,  any  party  to  such 
legal  proceedings  may  at  any  time  after  appearance,  and  before  deliver- 
ing any  pleadings  or  taking  any  other  steps  in  the  proceedings,  apply 
to  that  court  to  stay  the  proceedings,  and  that  court  or  a  judge  thereof, 
if  satisfied  that  there  is  no  sufficient  reason  why  the  matter  should  not 
be  referred  in  accordance  with  the  submission,  and  that  the  applicant 
was  at  the  time  when  the  proceedings  were  commenced,  and  still  re- 
mains, ready  and  willing  to  do  all  things  necessary  to  the  proper  con- 
duct of  the  arbitration,  may  make  an  order  staying  the  proceedings.' 

"The  application  under  this  section  is  by  summons  to  a  Master 
of  the  Supreme  Court  under  Order  LIV,  Rule  12a,  of  the  Rules  of  the 
Supreme  Court.  The  applicant  must  enter  an  appearance  to  the  action, 
but  must  not  have  delivered  any  pleadings  or  taken  any  other  steps  in 
the  proceedings.  We  do  not  propose  to  enter  into  the  question  as  to 
what  constitutes  'taking  any  other  steps  in  the  proceedings,'  as  it  is  a 
highly  technical  matter  on  which  there  are  many  decisions,  and  it  is 
best  to  take  legal  advice  on  it  when  the  point  arises.  The  Court  has 
discretion  as  to  granting  the  stay,  and  is  bound  to  exercise  it  (re  Car- 
lisle, 44  C.  D.,  200;  Lynn  v.  Johnson,  40  C.  D.,  579;  Young  v.  Buckett, 
30  W.  R.,  511;  Workman  v.  Belfast  Harbour  Commissioners  (1899), 
2  I.  R.,  234),  but,  as  a  general  rule,  the  Court  stays  the  action  unless 
the  plaintiff  can  show  good  reasons  why  the  action  should  go  on. 
(Willesford  v.  Watson,  L.  R.,  8  Ch.,  480;  Denton  v.  Legge,  72  L.  T., 
626;  Hodgson  v.  Railway  Passengers  Co.,  9  Q.  B.  D.,  188.) 

******* 

''Revocation. — Having  now  explained  the  various  methods  by  which 
a  matter  may  be  submitted  to  arbitration,  it  will  be  well  to  consider 
how  such  submission,  when  made,  may  be  revoked. 

"It  appears  that  prior  to  the  passing  of  the  3  and  4  Will.  IV,  c.  42, 
the  authority  of  the  arbitrator  might  be  revoked  at  any  time  before 
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Mr.  the  award  was  made,  at  the  pleasure  of  any  party  to  the  submission, 
Bamford.  -whether  the  submission  was  by  agreement  in  writing,  by  bond,  by  deed, 
by  judge's  order,  by  order  of  Nisi  Prius,  or  by  rule  of  Court,  and  not- 
withstanding it  was  made  irrevocable  by  the  express  words  of  the  sub- 
mission. The  reason  of  this  was  that  nothing  of  less  power  than  legis- 
lative enactment  could  make  that  irrevocable  which  was,  in  the  very 
nature  of  things,  revocable,  as  the  arbitrator,  being  appointed  by  the 
consent  of  the  parties  to  act  for  them,  could  no  longer  act  when  that 
consent  was  withdrawn,  and  any  award  made  subsequent  to  a  revoca- 
tion was  therefore  a  nullity.  Either  of  two  parties  to  a  submission,  or, 
if  there  were  several,  any  one  of  them,  could,  by  revoking  the  authority 
of  the  arbitrator,  render  the  submission  void  as  to  all,  even  against  the 
will  of  his  co-plaintiffs  or  co-defendants. 

"It  should  be  noted  that  the  agreement  to  refer  was  never  revocable, 
but  only  the  appointment  of  a  particular  arbitrator.  (In  re  Smith 
and  Nelson,  25  Q.  B.  D.,  545.)  The  party  revoking  would  be  liable 
to  an  action  for  damages  for  breach  of  the  promise  to  perform  the 
award.  The  revocation  of  a  submission  after  it  had  been  made  a  rule 
of  Court  was  a  contempt  against  which  attachment  would  issue  or  an 
action  lie. 

"The  above  mentioned  Act  is  now  repealed,  but  the  Act  of  1889  pro- 
vides in  Sec.  1  as  follows : 

"  'A  submission,  unless  a  contrary  intention  is  expressed  therein, 
shall  be  irrevocable,  except  by  leave  of  the  Court  or  a  judge,  and  shall 
have  the  same  effect  in  all  respects  as  if  it  had  been  made  an  order  of 
Court.' 

"This  section  only  applies  where  there  is  a  written  submission  (see 
Sec.  27  of  Act  of  1889) ;  therefore,  in  the  cases  where  there  is  no  such 
submission,  the  old  law  will  apply.  The  application  to  revoke  must  be 
made  before  the  award  is  executed.  (Phipps  v.  Ingram,  3  Dow.,  669.) 
The  Court  exercises  its  power  to  revoke  very  sparingly,  and  it  is 
entirely  in  the  discretion  of  the  Court.  (East  and  West  India  Docks 
V.  Kirk  and  Randall,  12  App.  Cas.,  738;  James  v.  James,  23  Q.  B.  D., 
12;  Belcher  v.  Eoedean  School  Site,  etc.,  85  L.  T.,  468.) 

"The  principal  grounds  on  which  the  Court  has  been  known  to 
revoke  are — 

"(a)  The  bankruptcy  of  one  party.  (Gaffney  v.  Killen,  12  Ir.  C.  L.. 
Rep.  App.,  25;  Marsh  v.  Wood,  9  B.  and  C,  659.) 

"(h)  Misconduct  of  the  arbitrators,  such  as  corruption,  or  receiving 
evidence  unknown  to  one  of  the  parties  (Drew  v.  Drew,  2  Macq.,  1), 
or  appointing  an  umpire  hj  lot  (re  European  and  American  SS.  Co., 
and  Crosskey,  29  L.  J.  C.  P.,  155),  or  if  the  arbitrator  is  about  to 
exceed  his  authority.  (Faviel  v.  Eastern  Counties  Railway  Co., 
2  Ex.,  350.) 

"(c)  Bias.  (Re  Baring  Brothers  and  Boulton,  61  L.  J.  Q.  B.,  704; 
Eckersley  v.  Mersey  Docks  and  Harbour  Board  (1894),  2  Q.  B.,  667; 
Re  Donkin  and  Leeds  Canal,  9  Times  L.  R.,  192;  Re  Frankenberg  and 
the  Security  Co.,  10  Times  L.  R.,  393.) 

"(d)  Improper  admission  of  evidence.  (Re  Lord  Gerard  and  London 
and  North- Western  Railway  Co.  (1895),  1  Q.  B.,  459.) 

"(e)  Improper   rejection   of  evidence  unless  the   arbitrator  under- 
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takes  to  admit  the  evidence.     (Hart  v.  Duke,  32  L.  J.  Q.  B.,  55 ;  Robin-      Mr. 
son  V.  Davies,  49  L.  J.  Q.  B.,  218.)  Bamford. 

"It  would  appear  that  the  better  opinion  is  that  in  cases  (d)  and  (e) 
the  preferable  course  is  not  to  ask  for  leave  to  revoke,  but  for  an  order 
directing  the  arbitrator  to  state  a  case  for  the  opinion  of  the  Court 
under  Sec.  19  of  the  Act  of  1889." 

The  sections  relating  to  revocation  in  case  of  the  death  of  either 
of  the  parties  or  the  arbitrator,  unless  provision  is  made  for  such  a 
contingency  in  the  submission,  have  not  been  quoted. 

The  following  extracts  are  taken  from  another  recent  work  :* 

^'Submission  Defined. — By  Sec.  27  a  'submission'  means  a  written 
agreement  to  submit  present  or  future  differences  to  arbitration, 
whether  an  arbitrator  is  named  therein  or  not. 

"The  'arbitration  clause'  in  an  engineering  contract  or  any  other 
agreement  is  a  submission  to  arbitration.  The  object  of  the  above 
provision  is  to  sanction  such  a  clause  which  appears,  at  first  sight,  to 
oust  the  jurisdiction  of  the  Courts  or,  at  any  rate,  to  stay  proceedings 
at  law  until  the  matter  in  dispute  has  been  dealt  with  by  the  arbitrator. 
We  shall  see  hereafter  (p.  210,  §  9,  infra)  what  may  be  the  effect  of  so 
ousting  the  jurisdiction.  It  should  be  pointed  out,  in  this  connection, 
that  the  ordinary  clause  in  a  contract  providing  that  the  engineer's 
certificate  shall  be  conclusive  as  to  the  work  done,  is  not  a  submission 
to  arbitration.     (See  Chap.  XIV,  §  8.) 

''Enforcing  Submission. — The  Coiirt  has  full  power  to  enforce  the 
arbitration  clause  in  an  agreement;  and  the  way  in  which  the  Court 
will  exercise  that  power  may  be  thus  illustrated.  Suppose  an  employer 
and  a  contractor  enter  into  a  contract,  which  provides  that  all  disputes 
which  may  thereafter  arise  shall  be  referred  to  an  arbitrator.  A  dis- 
pute having  arisen,  the  employer,  wholly  ignoring  the  arbitration 
clause — his  self -chosen  tribunal — issues  a  writ  against  the  contractor 
in  the  High  Court  of  Justice.  In  such  a  case  it  would  be  competent 
for  the  contractor,  before  delivering  any  pleading  or  taking  any  other 
step  in  the  action,  to  apply  to  the  Court  to  stay  the  action,  and  the 
Court  or  Judge,  if  satisfied  there  was  no  sufiicient  reason  why  the 
matter  should  not  be  referred  in  accordance  with  the  submission  and 
that  the  contractor  was  and  still  remained  willing  to  do  all  things 
necessary  to  the  proper  conduct  of  the  arbitration,  might  make  an 
order  staying  the  proceedings.  It  should  be  noted  that  the  jurisdiction 
is  not  ousted;  the  proceedings  are  only  stayed  pending  the  reference. 
(As  to  what  amounts  to  sufficient  reason,  see  post,  §  13.) 

"It  should  be  mentioned  that  a  reference  agreement  will  also  be 
enforced,  although  no  arbitrator  is  actually  named  therein,  as  the  Court 
has  power  in  such  a  case  to  appoint  an  arbitrator  if  one  cannot  be 
agreed  upon. 

*  *  *  *  *  *  * 

"Jurisdiction  of  the  Courts  Not  Ousted. — The  fact  that  the  juris- 
diction of  the  Courts  is  not  really  ousted,  demands  some  further  ex- 
planation. Mr.  Redman  in  his  Arbitrations  and  Awards  points  out  that: 
'It  is  a  common  practice  to  insert  in  contracts  for  works,  covenants  or 

*  "  The  Law  Affecting  Engineers,"  by  W.  Valentine  Ball,  M.  A.  (1909). 
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Mr.  agreements  providing  that  any  difference  or  disputes  thereafter  aris- 
Bamford.  j^-^g  between  the  parties  shall  be  referred  to  arbitration.  Agreements 
of  this  kind  do  not  deprive  the  Courts  of  jurisdiction  over  the  matters 
to  be  referred;  nor  v^^ill  the  addition  of  a  covenant  not  to  sue  in  re- 
spect of  such  matters  prevent  either  party  from  bringing  them  into 
Court'  (loc.  cit.,  p.  52).  It  is  established  that,  on  grounds  of  public 
iwlicy,  any  agreement  to  oust  the  jurisdiction  of  the  Courts  is  void. 
These  views  were  expressed  by  Sir  George  Jessel  in  the  case  of  Ripley 
V.  Great  Northern  Railway,  1875,  31  L.  T.,  869. 

"  ^But,'  it  may  be  asked,  ^how  is  that  statement  of  the  law  compatible 
with  what  now  appears  in  the  Arbitration  Act,  namely,  the  power 
which  the  Courts  have  to  compel  parties  to  go  to  arbitration?'  A 
little  reflection  will  show  that  the  jurisdiction  of  the  Court  is  not  really 
ousted.  It  is  merely  provided  that  before  seeking  a  remedy  at  law 
the  parties  have  an  opportunity  of  referring  to  their  own  tribunal, 
and  an  absolute  discretion  is  reserved  to  the  Court  to  say  whether 
the  case  is  one  for  arbitration  or  not. 

"The  way  in  which  an  arbitration  clause  may  be  a  condition 
precedent  is  well  illustrated  by  the  case  of  Westwood  v.  Secretary  of 
State  for  India,  1863,  1  N.  R,,  262." 

Desiring  to  make  his  position  clear,  the  writer  offers  the  follow- 
ing recapitulation.  He  is  thoroughly  convinced  of  the  advisability  of 
having  a  fair  and  just  arbitration  clause  in  construction  contracts  as 
one  of  the  most  effective  and  practical  means  of  settling  disputes  be- 
tween the  parties  to  a  contract.  At  present  he  knows  of  no  statute 
in  the  United  States  which  will  make  binding  a  provision  to  submit 
to  arbitration,  if  either  party  decides  to  repudiate  it  before  the  award 
is  made.  Therefore,  until  such  statutes  are  enacted,  the  only  suc- 
cessful way  to  ensure  observance  of  an  arbitration  provision  is  by  a 
bond  between  the  parties,  as  suggested  by  Messrs.  Wait  and  Waddell. 

The  English  Arbitration  Act  1889,  with  recent  modifications,*  is  a 
most  practical  and  equitable  document,  and,  as  both  English  and 
American  jurisprudence  have  the  same  derivation,  there  is  no  con- 
stitutional objection  to  the  enactment  of  similar  statutes  by  our 
States.  Such  a  statute  would  legally  overcome  the  previous  judicial 
decisions  apparently  opposing  the  principle  of  arbitration.  Past  at- 
tempts to  deprive  the  courts  of  their  jurisdiction  by  endeavoring  to 
make  the  engineer's  decision  final  and  conclusive,  rather  than  merely 
final,  as  to  questions  of  fact  but  reviewable  on  points  of  law,  etc.,  is 
unwise  and  harmful.  The  recent  Pennsylvania  law,  referred  to  by 
Mr.  Wilkins,  should  be  repealed  in  favor  of  an  act  similar  to  the 
English  Arbitration  Act  1889,  where  the  majesty  of  the  courts  is 
respected  as  well  as  the  rights  of  the  individual  in  his  attempts  to 
secure  equity  in  his  contractual  relations. 

Modifications  of  Section  XXXIV. 

Omit  the  entire  section  and  insert,  in  lieu  thereof,  the  following: 

*  Engineering  Neivs,  October  8,  1908,  p.  391. 
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^^XXXIV. — Arbitration. — Provided  always  that  in  case  any  dis-  Mr. 
pute  or  difference  shall  arise  between  the  Owner,  or  the  Engineer  on 
his  behalf,  and  the  Contractor,  either  during  the  progress  of  the  works 
or  after  the  termination,  abandonment,  or  breach  of  the  contract,  as 
to  the  construction  of  the  contract  or  as  to  any  matter  or  thing  arising 
thereunder  (except  as  to  matters  left  to  the  sole  discretion  of  the 
Engineer  under  Sections  II,  YII,  X  and  XIV,  and  the  exercise  by 
him,  under  Section  XIII,  of  the  right  to  have  work  opened  up),  or 
as  to  the  withholding  by  the  Engineer  of  any  certificate  to  which  the 
Contractor  may  claim  to  be  entitled,  then  either  party  shall  forthwith 
give  to  the  other  written  notice  of  such  dispute  or  difference,  and  such 
dispute  or  difference  shall  be  and  is  hereby  referred  to  the  arbitration 

and  final  decision  of ,  or  in  the  event  of  his  death. 

or  unwillingness  or  inability  to  act,  of ,  or 

in  the  event  of  his  death,  or  unwillingness  or  inability  to  act,  of  a 
person  to  be  appointed  on  the  request  of  either  party  by  the  President, 
for  the  time  being,  of  the  American  Society  of  Civil  Engineers,  or 
of  the  American  Institute  of  Architects,  whichever  shall  be  first  re- 
quested, and  the  award  of  such  arbitrator  shall  be  final  and  binding 
on  both  parties.  Such  reference,  except  on  the  question  of  certificate, 
shall  not  be  opened  up  until  after  the  completion  or  alleged  comple- 
tion of  the  works,  unless  with  the  written  consent  of  the  Owner  or 
Engineer  and  the  Contractor.  The  arbitrator  shall  have  power  to 
open  up,  review,  and  revise  any  certificate,  opinion,  decision,  requisi- 
tion, or  notice,  save  in  regard  to  the  said  matters  expressly  excepted 
above,  and  to  determine  all  matters  in  dispute  which  shall  be  sub- 
mitted to  him,  and  of  which  written  notice  shall  have  been  given  as 
aforesaid,  in  the  same  manner  as  if  no  such  certificate,  opinion,  de- 
cision, requisition,  or  notice  had  been  given.  Should  either  party, 
without  reasonable  excuse,  refuse,  or  neglect,  to  supply  the  arbitrator 
with  any  papers  or  information  considered  necessary  by  him,  which 
papers  or  information  shall  have  been  specifically  demanded  in  writing, 
or  refuse  or  neglect  to  attend  on  the  reference,  the  arbitrator  is 
hereby  authorized  and  empowered  by  both  parties  to  the  contract  to 
proceed  in  ex  parte  proceedings,  and  such  proceedings  shall  be  final 
and  binding.  Upon  every  or  any  such  reference,  the  costs  of  and 
incidental  to  the  reference  and  award,  respectively,  shall  be  in  the 
discretion  of  the  arbitrator,  who  may  determine  the  amount  thereof, 
or  direct  the  same  to  be  taxed  as  between  attorney  and  client,  or  as  be- 
tween party  and  party,  and  shall  direct  by  whom  and  to  whom  and  in 
what  manner  the  same  shall  be  borne  and  paid." 

General  Conditions, 

Mr.  Waddell,  like  many  others,  has  followed  the  practice  of  making 
a  short  agreement  and  placing  the  various  conditions  of  contract  in 
the  specifications.    The  question  is  largely  one  of  practical  expediency. 
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Mr.  The  writer,  after  much  study  and  experimenting,  prefers  to  endorse  the 
Bamford,  j]ngiig]2  practice  of  attaching  to  the  agreement  a  schedule  of  condi- 
tions of  contract  which  thus  becomes  standard  and  can  be  printed 
for  use  in  any  contract.  Then,  at  the  beginning  of  the  specification, 
place  a  chapter  entitled  General  Conditions,  containing  other  clauses 
special  to  the  particular  contract.  It  would  probably  be  an  advantage 
to  attach  an  unexecuted  set  of  the  printed  forms  of  agreement  and 
schedule  of  conditions  of  contract  at  the  beginning  of  the  specification 
so  that  the  superintendent  and  foreman  on  the  job  may  be  conversant 
with  the  conditions  of  contract. 

Article  V  of  the  agreement  specifically  makes  the  conditions  of 
contract  a  part  of  the  agreement,  and,  for  practical  reasons,  the  writer 
cannot  endorse  Mr.  Thurston's  suggestion  that  the  conditions  of  con- 
tract should  be  included  within  the  agreement  proper. 

In  conclusion,  the  writer  hopes  that  the  subject  of  proper  con- 
tracts will  be  given  further  study  by  the  Society,  for  he  believes  that 
a  better  understanding  among  engineers  of  the  rights,  duties,  and 
obligations  of  the  various  parties  interested  in  a  contract,  will  produce 
a  more  satisfactory  state  of  affairs  in  the  execution  of  engineering  work. 
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Paper   No.    1148 

UNDERPINNING  THE  CAMBRIDGE  BUILDING, 

NEW  YORK  CITY.* 

By  T.  Kennard  Thomson,  M.  Am.  Soc.  C.  E. 


With  Discussion  by  Messrs.  Henry  Gorton  Opdycke,  E.  A.  Yates, 

Ogden  Merrill,  Oscar  Lowinson^  J.  C.  Meem, 

AND  T.  Kennard  Thomson. 


In  July,  1907,  the  writer  was  retained  by  Henry  G.  Opdycke,  Assoc. 
M.  Am.  Soc.  C.  E.,  to  report  on  the  undermining  of  the  Cambridge 
Building,  on  the  southwest  corner  of  Thirty-third  Street  and  Fifth 
Avenue,  New  York  City,  by  the  Pennsylvania  Kailroad  Tunnel,  then 
under  construction. 

Mr.  Opdycke  had  already  made  a  careful  survey  of  the  premises, 
and  also  had  a  number  of  excellent  photographs,  from  which  those 
illustrating  this  paper  have  been  selected. 

Fig.  1  shows  the  approximate  cross-section  of  the  tunnel  excavation 
at  a  point  opposite  this  building,  as  taken  by  Mr.  Opdycke  and  the 
writer.  The  space  marked  "To  be  back-filled"  represents  the  approxi- 
mate deviation  from  the  theoretical  tunnel  lines,  and  shows  that  at  one 
point  a  small  cavity  extended  a  short  distance  south  of  the  building 
line  of  the  Cambridge  Building,  or  several  feet  farther  south  than  was 
intended. 

It  also  indicates  roughly  where  Thirty-third  Street  caved  in,  on 
December  14th,  1906,  in  front  of  the  Waldorf.     The  cave-in  had  been 

*  Presented  at  the  meeting  of  February  2d,  1910. 
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back-filled,  but  the  curb,  the  street,  and  the  Cambridge  Building  had 
continued  to  settle. 

Fig.  1,  Plate  XXXIV,  shows  very  plainly  the  settlement  in  Thirty- 
third  Street.  The  street  had  been  flooded,  and  the  water  covered  the 
curb,  in  front  of  the  entrance  and  near  the  middle  of  the  Cambridge 
Building,  which  was  the  point  where  the  greatest  settlement  occurred. 
The  tendency  of  the  whole  building,  as  shown  by  all  the  photographs, 
was  to  bulge  toward  the  north,  as  well  as  to  settle  vertically. 


SECTION  THROUGH  CAMBRIDGE  BUILDING 

THIRTY-THIRD  STREET, AND  THE  WALDORF-ASTORIA 


APPROXIMATE  CROSS-SECTION 

SHOWING  RELATIVE  LOCATION  OF  THE 

PENNSYLVANIA  RAILROAD  TUNNEL 

AND  THE  CAMBRIDGE  BUILDING 


Fig.  1. 

It  was  claimed  by  others  that  the  whole  trouble  was  caused  by  a 
defective  8-in.  column  just  east  of  the  entrance,  but  it  is  peculiar  that, 
although  this  column  had  moved  northward  and  had  settled,  it  did 
not  break  its  bed  nor  its  connection  with  the  brickwork  of  the  north 
wall,  and  remained  absolutely  plumb. 

There  were  a  number  of  vertical  and  inclined  cracks  in  the  interior 
north  and  south  walls,  showing  the  tendency  of  the  building  to  move 
northward  and  at  the  same  time  to  settle  vertically,  the  dimensions  of 
the  cracks  decreasing  as  the  distance  from  the  curb  increased;  in  fact,  the 
greatest  disturbance  in  the  building  itself  was  at  the  center  of  the  north 
wall,  and  in  the  areaway,  sidewalk,  and  street,  as  might  be  expected. 

The  connection  between  the  two  boilers  in  the  cellar  parted,  break- 
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Fig.  j.— Settlement  of  Street,  Curb,  etc.,  in  THirty-third  Street, 
IN  Front  of  Cambridge  Building. 


Fig.  2.— Settlement  of  Sidewalk,  in  Thirty-third  Street, 
IN  Front  of  Cambridge  Building. 
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ing  the  pipe  connections.  Both  boilers  settled,  the  one  several  inches 
farther  north  than  the  other. 

There  were  several  cracks  in  the  area  floor,  and  some  disturbance 
of  the  area  wall,  one  joint  alone  opening  up  more  than  1  in. 

The  sidewalk  settled  considerably,  as  shown  in  Fig.  2,  Plate 
XXXIV;  and  there  were  some  cracks.  The  curb  was  reset  several 
times,  sometimes  as  much  as  7  or  8  in. 

Fig.  1,  Plate  XXXV,  shows  some  of  the  cracks  in  Kirkpatrick's 
Jewelry  Store,  in  the  Cambridge  Building.  In  a  number  of  places 
the  joints  in  the  marble  work  in  the  main  hall  opened  up. 

The  fact  that  an  old  stream  ran  under  the  site  of  the  Cambridge 
Building  and  the  Waldorf-Astoria,  also  aggravated  matters,  especially 
as  the  break  in  the  tunnel  was  at  or  near  this  old  stream.  The  founda- 
tions of  the  Waldorf-Astoria  had  been  carried  down  to  the  rock,  but 
the  east  end  of  the  Cambridge  Building  was  founded  on  a  spread 
footing  of  concrete  and  the  west  end  on  piles. 

When  the  Cambridge  Building  was  remodeled,  in  1906,  to  convert 
it  from  a  hotel  into  an  office  building,  these  piles,  which  were  about 
30  ft.  long  and,  when  driven,  had  been  cut  off  below  the  water  line, 
were  found  to  be  slightly  above  the  water  line,  the  latter  having  been 
lowered  enough  to  expose  their  tops  to  the  atmosphere,  allowing  them 
to  rot. 

It  is  known,  of  course,  that  timber  will  last  practically  forever  if 
entirely  submerged,  but  will  soon  rot  out  if  not  entirely  under  water. 
Therefore,  at  that  time,  the  piles  were  cut  oif  below  the  new  water  line, 
capped  with  concrete,  and  five  heavy  20-in.  I-beams,  about  40  ft.  long, 
were  placed  on  the  concrete  and  buried  in  it,  making  a  very  substantial 
foundation  for  the  west  end  of  the  building. 

In  1907,  when  Mr.  Opdycke  and  the  writer  examined  the  tunnel, 
they  noticed  that  several  rather  large  streams  of  water — evidently  from 
the  old  stream  shown  on  the  maps — were  pouring  into  it  at  this  point. 
The  examinations  showed  that  the  building  had  settled  considerably 
and  was  still  settling,  and  the  v/riter  was  requested  to  design  a  system 
of  underpinning  carried  to  rock.  This  he  refused  to  do  at  that  time, 
for  fear  of  opening  up  a  direct  connection  between  the  cylinders  and 
the  tunnel,  thus  endangering  the  entire  building;  but  he  recommended 
tying  back  the  front  wall  with  rods,  to  prevent  it  from  falling  away 
from  the  remainder  of  the  building. 
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This  was  immediately  done,  as  shown  by  Fig.  2.  Two  12-in.  beams, 
about  41  ft.  long,  were  placed  vertically  just  east  of  the  main  entrance 
on  Thirty-third  Street,  which  was  the  point  of  greatest  disturbance. 
These  beams  extended  from  the  areaway  floor  up  to  and  slightly  above 
the  third  floor.  The  tops  of  the  beams  were  anchored  back  by  a  l^-in. 
rod,  about  102  ft.  long,  made  up  of  stock  lengths  of  about  16  ft.,  and 
connected  with  turnbuckles. 

The  rear  or  south  end  of  the  rods  ran  through  an  open  court,  but 
close  to  the  wall.    On  each  side  of  the  court  12-in.  3I-beams,  about  6  ft. 
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Fig.  2. 

long,  were  set  vertically,  and  formed  seats  for  the  two  12-in.  beams 
(18  ft.  long)  to  which  the  rod  was  anchored.     The  north  end  of  the 
rod  was  placed  just  under  the  floor  in  a  private  office,  and  through  tlu 
main  hall. 

The  bottom  ends  of  these  long  beams  were  anchored  with  two  "^  ^-in. 
rods,  just  above  the  cellar  floor.  These  rods  were  about  100  ft.  long, 
and  were  made  up  of  short  sections,  the  rear  or  south  ends  being 
anchored  to  5  by  9-ft.  blocks  of  concrete,  about  6  ft.  deep,  placed  just 
under  an  old  north  and  south  partition  wall,  and  in  a  position  slightly 
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Fig.  1.— Cracks  in  Wall,  and  Ceiling,  Main  Floor,  Cambridge  Building. 


Fig.  3.— Settlement  in  Area,  Cambridge  Building. 
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inclined  from  the  vertical.  Two  horizontal  beams  were  also  placed  in 
the  concrete,  as  shown. 

Near  the  west  end  of  the  building,  another  l^-in.  rod  was  placed, 
just  above  the  cellar  floor,  the  north  end  being  hooked  over  the  top  of 
the  five  20-in.  I-beams,  and  the  south  end  being  anchored  to  a  similar 
block  of  concrete. 

Half  way  between  this  westerly  rod  and  the  first  pair,  a  similar 
rod  was  placed  and  anchored  in  the  same  manner  as  the  westerly  rod. 

The  41-ft.  beams  in  front  were  then  encased  in  sheet  metal  on 
account  of  their  unsightly  appearance. 

The  writer's  examination  was  completed  about  July  23d.  A  con- 
tract was  at  once  made  with  Mr.  Alexander  Brown,  Jr.,  to  tie  back  the 
building,  and  the  work  was  completed  in  about  a  week. 

The  rods  were  left  in  place  until  the  permanent  underpinning  had 
been  completed  (during  the  following  year),  and  effectually  prevented 
the  north  wall  from  pulling  away,  although  the  entire  building  had 
apparently  moved  north  in  the  interval.  The  anchorages  in  the  cellar, 
although  made  very  heavy,  showed  signs  of  the  great  strain,  by  the 
cracks  which  opened  up  in  the  concrete  floor  behind  them. 

When  the  rods  were  first  put  in,  in  the  autumn  of  1907,  the  writer 
tested  them  to  see  that  they  were  under  sufficient  initial  strain,  and 
when  he  was  called  in  to  make  another  report  and  examination,  in  the 
following  spring,  a  similar  test  indicated  that  they  were  under  a  con- 
siderably greater  strain,  showing  the  tendency  of  the  building  to  move 
north.  In  the  fall  of  1908,  when  these  rods  were  to  be  removed,  the 
men  commenced  to  saw  through  the  second  rod  from  the  west  on  the 
cellar  floor,  quite  near  the  end  attached  to  the  20-in.  I-beams,  without 
first  slacking  up  the  turnbuckles.  When  they  had  sawn  three-quarters 
through  the  rod,  it  broke  with  a  snap,  and  the  long  end  sprang  back 
about  2  ft.  The  men  followed  their  instructions  with  the  remainder 
of  the  rods,  and  slackened  off  the  turnbuckles  first. 

The  examination  of  the  building,  in  March,  1908,  indicated  that 
there  had  been  considerable  vertical  movement  or  settlement  since 
the  previous  fall.  Borings  then  taken  showed  that  the  rock  was  about 
20  ft.  below  the  curb  at  the  east  end  of  the  building  and  about  44  ft.  at 
the  west  end.  The  substrata  were  found  to  be  partly  of  made  ground, 
and  below  that  there  was  sand,  gravel,  clay,  and  silt  or  muck,  such  as 
found  in  the  beds  of  all  old  New  York  streams — a  very  treacherous 
material  to  have  under  a  building. 
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The  borings  also  indicated  that  the  old  stream  had  been  entirely 
diverted  by  the  tunnel,  leaving  the  piles  dry,  and  making  their  ultimate 
destruction  by  rot  certain. 

In  the  meantime  the  tunnel  excavation  had  been  completed,  and 
the  permanent  masonry  lining  built  in  place,  and  it  was  thought  that 
the  stream  which  had  been  flowing  into  the  tunnel  the  year  before 
would  back  up,  when  it  could  not  get  into  the  tunnel,  and  again  sub- 
merge the  piles.  The  borings,  however,  indicated  that  this  was  not  so,  but 
that  the  tunnel  had  in  some  manner  effectually  and  permanently  diverted 
the  old  stream,  thus  lowering  the  ground-water  level  30  ft.  or  more. 

Reports  had  been  obtained  from  H.  G.  Opdycke,  Assoc.  M.  Am. 
Soc.  C.  E.,  Rudolph  P.  Miller,  M.  Am.  Soc.  C.  E.,  Daniel  E.  Moran, 
M.  Am.  Soc.  C.  E.,  and  Mr.  Joseph  Caccavajo,  and,  as  these  were  similar 
in  nature  to  that  made  by  the  writer,  the  Gorham  Company  (the 
lessee),  decided  to  underpin  the  building  to  rock,  and  a  contract  for 
doing  so  was  made  with  Mr.  Alexander  Brown,  Jr.,  who  retained  the 
writer  as  Consulting  Engineer  to  devise  a  plan  and  carry  it  out. 

The  east  end  of  the  north  wall  of  the  Cambridge  Building  was 
occupied  by  the  show  windows  of  the  Kirkpatrick  Jewelry  Store,  on  the 
Fifth  Avenue  and  Thirty-third  Street  sides  of  which  store  the  old  brick 
wall  in  the  first  story  had  been  removed  and  a  number  of  8-in.  cast-iron 
columns  had  been  inserted  to  carry  the  upper  brick  wall  and  floors. 

This  is  a  kind  of  construction  very  frequently  resorted  to  in  con- 
verting old  buildings  into  stores,  etc.,  and  answers  the  purpose  as  long 
as  the  foundations  are  not  disturbed,  or  the  walls  jacked  against,  as 
there  is  no  transverse  bracing  between  the  columns;  therefore  it  was 
decided  not  to  use  the  old  system,  which  involved  jacking  against  the 
building  to  force  cylinders  or  walls  into  the  ground. 

Under  this  end  of  the  wall,  from  the  curb  to  the  cellar,  there  was  a 
wall  of  brick  and  rubble  masonry  with  some  ashlar  facing,  which  had 
been  built,  as  was  customary  at  the  time  and  for  that  class  of  work, 
without  any  engineering  supervision  or  advice;  in  other  words,  it  was 
of  the  usual  poor  construction. 

This  foundation  wall  rested  on  a  concrete  footing,  and  on  top 
of  the  wall  were  set  the  4-in.  beams,  which  for  the  length  of  the  wall, 
formed  a  base  for  the  8-in.  cast-iron  columns. 

As  it  was  not  advisable  to  do  much  cutting  in  this  wall  in  the 
condition  it  was  then  in,  it  was  decided  to  reinforce  it  by  placing  a  5-ft. 
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plate  girder  on  each  side  about  1  ft.  below  the  4-in.  beams,  to  bolt 
these  two  girders  together  with  l|-in.  bolts,  and  to  grout  the  spaces 
between  the  girders  and  the  wall.  These  spaces  were  usually  1  in.  or 
more  in  width,  as  no  attempt  was  made  to  dress  down  the  surface  of 
the  masonry.  As  these  girders  in  place  were  to.be  about  67  ft.  long, 
they  were  each  shipped  in  two  sections  in  order  that  they  might  be  put 
in  position  readily. 

The  west  end,  shown  by  Fig.  3,  rested  on  the  end  of  the  old  20-in. 
steel  beams,  and  the  south  end  on  a  timber  blocking  under  the  sidewalk 
of  Fifth  Avenue. 


lOO'O- 
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METHOD  OF  UNDERPINNING  THE  CAMBRIDGE  BUILDING 

Fig.  3. 

These  girders  had  i-in.  web  plates  and  one  G  by  6  by  |-in.  angle 
in  each  flange. 

After  the  underpinning  was  completed,  the  10  ft.  under  Fifth 
Avenue  was  sawn  off,  and  a  space  of  about  4  ft.  was  cut  out  for  a  door 
just  west  of  the  splice,  the  splice  having  been  placed  at  that  point  on 
account  of  the  door. 

The  girders  were  placed  a  little  more  than  2  ft.  2  in.  apart,  back  to 
back,  and,  with  the  exception  of  the  south  end  and  the  space  cut  out 
for  the  door,  were  eventually  bricked  up  on  both  sides,  making  a  solid 
wall  on  top  of  the  cylinders.  As  soon  as  the  cylinders  were  in  place 
and  grouted,  three  9-in.  beams  were  placed  under  the  4-in.  beams  and 
under  each  column.     The  ends  of  these  9-in.  beams  were  wedged  up  on 
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top  of  the  5 -ft.  girders,  thus  transferring  the  load  from  the  columns 
directly  to  these  girders.  The  holes  around  these  short  beams  were 
then  filled  with  concrete  and  brickwork.  There  were  six  8-in.  cast-iron 
columns  resting  on  this  pair  of  girders,  and  it  was  now  considered 
safe  to  undermine  two  columns  at  a  time  in  order  to  make  room  for 
the  underpinning  cylinders,  one  of  which  was  put  directly  under  each 
of  the  five  most  easterly  columns. 

As  the  sixth  column  and  the  remainder  of  the  wall,  or  the  portion 
from  the  east  side  of  the  entrance  to  the  west  end  of  the  building,  was 
being  carried  on  the  five  20-in.  grillage  beams,  resting  on  the  concrete- 
capped  piles,  it  was  thought  that  it  would  be  too  expensive  and  danger- 
ous to  try  to  put  the  cylinders  directly  under  the  columns,  especially 
as  it  would  have  been  necessary  to  cut  out  the  old  piles  all  the  way 
down.  Therefore  it  was  decided  to  sink  four  pairs  of  cylinders,  as 
close  to  the  grillage  beams  as  possible,  and  then  remove  enough  concrete 
to  place  20-in.  I-beams  under  the  old  grillage  beams,  the  ends  of  these 
short  beams  to  rest  on  the  pair  of  cylinders,  and  wedges  to  be  driven 
between  the  short  beams  and  old  long  grillage  beams.  Three  of  these 
short  beams  were  inserted  over  each  pair  of  cylinders.  At  the  extreme 
end  an  additional  cylinder  was  sunk  on  the  center  line  of  the  wall, 
making,  in  all,  fourteen  cylinders  for  the  support  of  the  building. 

Two  additional  cylinders  were  sunk  in  the  areaway,  to  support  the 
north  end  of  the  boilers  and  the  area  wall. 

Mr.  Brown  called  for  bids  on  this  plan,  and  awarded  the  contract 
to  Thomas  B.  Bryson,  Assoc.  M.  Am.  Soc.  C.  E.,  as  his  bid  was  less 
than  half  as  great  as  the  other  bids,  and  it  was  concluded  that  he  could 
do  a  good  job  and  make  a  fair  profit,  both  of  which  he  did.  He  also 
gave  a  bond  to  the  owners  for  twice  the  amount  of  his  contract.  His 
total  contract,  including  the  extra  work,  was  about  $13  000,  which 
included  supplying  and  sinking  the  sixteen  cylinders,  filling  them  with 
concrete,  supplying  and  placing  the  girders  and  beams,  doing  the  neces- 
sary wedging,  etc.,  and  back-filling  with  concrete  where  necessary. 

The  cylinders  (Fig.  4)  were  4  ft.  in  diameter,  and  had  very  thin 
shells.  The  method  of  placing  them  constitutes  a  new  system  of  under- 
pinning; for,  instead  of  placing  the  bottom  section  first  and  jacking 
it  into  the  ground,  and  then  placing  another  section  on  top  and  repeat- 
ing the  operation,  a  space  was  excavated  for  the  top  section,  which  was 
made  4  ft.  deep,  and  the  space  outside  of  this  top  section  was  back- 
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filled,    generally    with    concrete,    and    remained    permanently    in    that 
position. 

A  laborer  then  entered  the  top  section  and,  with  a  short-handled 
shovel,  excavated  the  material  under  the  "cutting  edge"  sufficiently  to 
insert   one  segment   of  the   next   ring.     All   the  rings  below  the  top 
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section  were  2  ft.  deep  and  in  four  segments,  one  of  which  was  small, 
to  act  as  a  key,  as  in  tunnel  lining.  In  this  key  segment  the  connection 
angles  were  bent  13^°  from  the  radial,  to  permit  putting  the  key  in 
place.  The  joints  of  the  other  segments,  of  course,  were  on  the  radial 
lines.     All  the  plates  were  ys  i^^-  thick,  and  all  the  angles  (horizontal 
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and  vertical)  were  2i  by  2^  by  I  in.  When  the  first  segment  under  the 
top  section  had  been  bolted  in  place,  the  excavation  was  made  for  the 
second  segment,  then  the  third,  and  then  the  fourth  or  key.  Where 
the  ground  was  good,  the  excavation  was  made  for  all  four  segments 
at  once. 

Although  the  borings  showed  that  all  the  water  had  been  drained 
off,  it  was  considered  desirable  to  provide  in  the  contract  for  doing  the 
work  under  compressed  air  if  water  should  be  encountered,  and  the 
first  cylinder  to  be  sunk  had  gaskets  m  the  joints;  but,  as  it  was  found 
that  the  borings  had  been  correct  in  showing  the  absence  of  water,  no 
effort  was  made  to  obtain  water-tight  joints  in  the  other  fifteen 
cylinders. 

In  sinking  one  of  the  cylinders  the  rock  gave  evidence  of  having 
been  blasted,  as  it  undoubtedly  had  been,  as  this  cylinder  was  directly 
over  the  tunnel.  The  flushing  of  the  street  near  the  Waldorf  allowed 
considerable  water  to  percolate  and  get  into  the  uncaulked  joints  of 
the  cylinder,  sometimes  in  quite  a  stream,  but  it  was  noted  with  sur- 
prise that  this  water  disappeared  as  soon  as  it  reached  the  bottom  of 
the  cylinder,  passing  into  the  drains  or  crevices  alongside  of  the  com- 
pleted tunnel,  although  these  drains  were  supposed  to  have  been  blocked 
off  or  choked  up. 

This  proved  the  existence  of  the  second  danger  feared  for  the 
Cambridge  Building,  resulting  from  the  construction  of  the  tunnel. 
The  first  was  the  rotting  of  the  piles  due  to  the  removal  of  the  ground- 
water, and  the  second  the  removal  of  the  subsoil,  especially  where  it 
was  muck  or  silt,  as  in  this  case,  by  the  continual  draining  of  the  water 
from  the  streets,  old  streams,  etc.,  into  or  alongside  of  the  tunnels,  for 
it  is  known,  of  course,  that  such  continual  drainage  must  carry  a  large 
amount  of  soil  or  muck  with  it,  causing  a  gradually  enlarged  cavity 
which,  sooner  or  later,  would  be  filled  from  above,  perhaps  suddenly, 
and  with  disastrous  results. 

This  action  is  occurring  in  so  many  places  in  New  York  City  that 
come  day  we  may  expect  to  see  a  whole  building  suddenly  collapse,  like 
some  of  the  villages  in  mining  districts. 

These  plans  were  drawn  up  in  July,  1908 ;  Mr.Bryson  was  awarded  the 
contract  early  in  August,  and  by  August  21st  he  had  the  first  cylinder 
on  rock,  having  spent  4  or  5  days  on  it,  as  his  men  were  new  to  the 
work,  and  extra  precautions  were  taken  against  water,  etc.     The  other 
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cylinders  were  put  down  at  the  rate  of  about  2  days  each  for  a  depth 
of  about  30  ft.  below  the  curb,  the  sixteenth  or  last  cylinder  being 
completed  exactly  30  days  after  the  first  was  landed.  Generally,  an 
attempt  was  made  to  work  on  two  cylinders  at  a  time,  but  in  such 
cramped  spaces  it  was  difficult  and  subject  to  delays.  Mr.  Bryson  sub- 
let the  placing-  of  the  four  33^-ft.  girders  to  Mr.  Frank  M.  Tench,  who 
handled  the  ticklish  problem  without  disturbing  the  sidewalk  in  front 
of  the  jewelry  store.  As  the  cellar  under  this  store  was  a  salesroom  for 
valuable  goods,  such  as  statues,  paintings,  etc.,  it  was  necessary  to 
build  a  tight  wooden  partition,  about  5  ft.  south  of  the  wall  which  was 
reinforced  by  the  girders,  before  work  was  started,  and,  after  the 
girders  had  been  bricked  in,  furred  and  plastered,  the  rich  red  burlai) 
was  replaced  before  the  temporary  partition  was  removed. 

In  order  to  get  permission  from  the  tenants,  Mr.  Brown  had  agreed 
to  restore  the  premises  of  the  Ivirkpatrick  Company  by  the  end  of 
September,  on  account  of  the  fall  trade,  and,  by  working  day  and  night, 
he  succeeded  in  doing  this. 

Table  1  shows  the  order  in  which  the  cylinders  were  sunk,  their 
depths,  etc. 

TABLE  1. 


Order  of  sinking. 

No.  on  plan. 

Date  of  reaching 
rock. 

Depth  of  rock 

below  curb, 

m  feet. 

1 

11 

Aug.    21-08 

41.9 

3 

10 

^^       26-08 

43.9 

3 

8 

''       29-08 

38.3 

4 

9 

"       31-08 

34.8 

5 

13 

Sept.      5-08 

43.5 

6 

13 

7-08 

40.9 

7 

4 

8-08 

30.3 

8 

3 

9-08 

25.3 

9 

5 

11-08 

31.3 

10 

3 

12-08 

35.01 

11 

1 

14-08 

20.0 

13 

7 

14-08 

34.3 

13 

6 

16-08 

33.6 

14 

14 

''       17-08 

40.5 

15 

15 

"       18-08 

41.4 

16 

16 

"       21-08 

36.0 

It  might  be  stated  here  that  although  there  was  continual  settle- 
ment up  to  the  time  that  this  building  was  underpinned,  there  has  been 
absolutely  none  since.  At  one  time,  when  the  building  was  being  tied 
back,  the  settlement  of  the  area  wall  broke  a  4-in.  water  main,  which 
caused  a  good  deal  of  worry,  as  the  water  started  to  flow  around  the 
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boilers,  and  soon  would  have  found  its  way  into  the  tunnel.  It  took 
3  hours  for  the  proper  authorities  to  cut  off  this  pipe.  However,  as 
soon  as  the  pipe  broke,  the  men  made  a  dam  of  sand  bags,  thus  keeping 
most  of  the  water  away  from  the  low  spot  around  the  boilers  and  allow- 
ing it  to  escape  into  the  sewer. 

The  writer  wishes  to  thank  those  connected  with  this  underpinning 
work,  namely,  Mr.  John  S.  Holbrook,  Vice-President  of  the  Gorham 
Company;  Henry  G.  Opdycke,  Assoc.  M.  Am.  Soc.  C.  E.,  Consulting 
Engineer;  Mr.  Alex.  Brown,  Jr.,  General  Contractor;  Mr.  Frank  M. 
Tench,  Erecting  Contractor;  the  Cockburn  Barrow  and  Machine  Com- 
pany, which  supplied  the  steel  cylinders,  and  Lewis  F.  Shoemaker  and 
Company,  which  supplied  the  steel  girders,  for  the  way  in  which  each 
did  his  share  in  stopping  the  settlement  of  this  building. 
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DISCUSSION 


Henry  Gorton  Opdycke,  Assoc.  M.  Am.  Soc.  C.  E. — In  connection  Mr. 
with  Mr.  Thomson's  paper  the  speaker  simply  desires  to  emphasize  a  P  ^^  ®' 
point  or  two  therein,  and  to  call  attention  to  the  necessity  of  engag- 
ing competent  engineers  by  owners  of  property  adjoining  operations 
of  the  character  of  this  tunnel,  before  such  operations  have  com- 
menced. There  are  several* reasons  for  this,  the  first  of  which  is,  that, 
by  reason  of  the  individual's  more  intimate  knowledge  of  the  condi- 
tions obtaining  at  his  particular  location,  he  is  better  able  to  forestall 
operations  which  will  endanger  his  property,  and  it  is  important  for 
the  owner  to  lay  the  foundations  for  proper  legal  measures  to  recom- 
pense him  for  his  possible  damage;  also,  by  consultation  with  the  con- 
tractor's engineers,  operations  which  may  endanger  his  property  may 
be  prevented. 

In  the  case  in  point,  as  far  back  as  several  weeks  before  the  cave- 
in  on  Thirty-third  Street  opposite  the  Cambridge,  the  speaker  notified 
the  owner  of  the  property  of  the  impending  danger.  The  owner  did 
not  appreciate  the  dangerous  condition,  however,  until  several  weeks 
later,  after  the  street  had  caved  in  at  the  very  point  designated  as 
the  bed  of  the  old  stream,  although  the  contractor  had  placed  much 
dependence  on  the  location  of  this  stream  as  shown  on  the  Viele  map, 
which  indicated  that  it  was  about  100  ft.  farther  west. 

In  the  speaker's  reports  to  the  owner,  before  the  cave-in,  it  was 
recommended  that  the  tunnel  company  be  requested  to  lower  the 
grade  of  the  tunnel  in  order  to  escape  this  serious  condition,  but  this 
was  not  acted  on,  and,  after  the  cave-in,  when  the  contractors  asked 
for  consent  to  continue  their  operations,  this  owner  was  in  position  to 
know  his  status  and  to  require  a  contract,  not  only  guaranteeing  the 
integrity  of  his  building,  but  its  actual  underpinning  to  bed-rock. 

After  the  consent  to  continue  operations  had  been  obtained  from 
this  owner,  the  tunnel  company  concluded  to  lower  the  level  of  the 
tunnel,  and  this  was  finally  done. 

By  reason  of  this  first  cave-in,  together  with  the  effect  of  the  mis- 
directed blast  under  the  foundations  of  the  Cambridge  Building,  men- 
tioned by  Mr.  Thomson  and  shown  on  Fig.  1,  the  front  wall  of  the 
building  commenced  to  settle  and  move  northward  toward  the  center 
of  the  street.  It  was  then  that  photographs  were  taken  for  the  pur- 
pose of  preserving  legal  evidence  of  the  facts. 

The  speaker  may  state  that  the  conditions  predicted  to  the  owner 
were  entirely  fulfilled,  and  the  lessee  of  the  building,  who,  under  his 
lease,  was  responsible  to  the  owner,  was  enabled  to  recover  a  judgment 
in  the  Supreme  Court  for  the  full  amount  of  his  damage,  together 
with  the  court  costs. 
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Ml.  The  speaker  desires  to  emphasize  another  phase  of  the   situation 

'at  the  Cambridge  Building,  and  that  is  the  likelihood  that  such  struc- 
tures as  this  tunnel  will  reduce  the  surrounding  water  level  and  pro- 
vide a  new  channel  for  the  escape  of  the  water,  thus  leaving  build- 
ings in  the  vicinity  which  have  been  erected  on  piles  subject  to  much 
damage  from  decayed  piles. 

As  to  the  case  in  point,  when  the  cellar  of  the  Waldorf-Astoria 
(on  the  north  side  of  Thirty-third  Street  and  directly  opposite  the 
Cambridge  Building)  was  being  constructed,  the  owner's  representa- 
tives remember  very  distinctly  the  presence  of  much  water,  appar- 
ently from  this  old  stream,  and  also  that  a  sump  in  the  boiler  pit,  in 
the  basement  of  the  Cambridge,  was  continually  filled  with  water  until 
after  the  openings  were  made  into  the  tunnel  excavation. 

Borings  were  made  in  the  cellar  of  the  Cambridge  after  the  two 
openings  were  made  into  the  tunnel,  and  an  examination  by  the 
speaker  developed  the  fact  that  the  water  had  been  entirely  drained 
from  the  soil  surrounding  the  piles,  and  down  to  bed-rock. 

When,  early  in  1907,  the  speaker  examined  the  interior  of  the  tun- 
nel, water  was  flowing  into  it  through  the  opening  in  the  rock  where 
the  street  had  caved  in,  and  after  this  part  of  the  tunnel  was  sealed 
off,  and  the  water  shut  out,  instead  of  again  raising  the  water  level 
in  the  surrounding  soil,  the  conditions  mentioned  above  maintained, 
that  is,  there  was  lack  of  water  in  the  soil. 

There  seems  to  be  but  one  explanation  for  this  condition,  and  that 
is  that  the  water  from  the  drainage  area  of  this  old  stream  still  con- 
tinues to  flow  along  a  new  channel  caused  by  the  tunnel  company's 
operations. 

The  speaker  would  call  attention  to  another  reason  why  property 
owners  should  be  represented  by  engineers  on  an  occasion  such  as  this. 

When  the  tunnel  contractor  saw  fit  to  tie  back  the  north  wall  of 
the  Cambridge,  he  began  operations  by  cutting  a  hole  in  the  front 
wall  of  the  building,  in  the  middle  of  the  principal  office  of  one  of 
the  best  tenants,  at  a  point  about  2^  ft.  above  the  floor,  the  intention 
being  to  put  a  tie-rod  through  this  office  out  into  the  main  hall  di- 
rectly in  front  of  the  elevators,  and  across  the  main  stairway,  effect- 
ually obstructing  them,  or  giving  all  the  tenants  the  choice  of  crawl- 
ing under  or  hurdling  over  the  tie-rod. 

This  was  unnecessary,  as  was  demonstrated  by  the  fact  that  tie- 
rods  were  finally  put  in  with  no  permanent  inconvenience  to  the 
tenants. 

Mr.  E.  A.  Yates^  Assoc.  M.  Am.  Soc.  C.  E.- — In  placing  the  foundations 
for  the  Assay  Building,  New  York  City,  it  was  deemed  necessary  to 
underpin  the  buildings  on  the  nortli  side  of  the  site  to  rock.  Five 
underpinning  caissons  were  placed,   two  of  which  were  sunk  by  the 
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method  described  in  Mr.  Thomson's  paper,  except  that  compressed  air    Mr. 

J  Yates. 

was  used. 

The  rock  was  about  60  ft.  below  the  curb.  There  was  an  average 
depth  of  8  ft.  of  hardpan  above  the  rock ;  above  the  hardpan  there  was  a 
mixture  of  sand  and  clay,  and  above  this  fine  water-bearing  sand. 

The  caissons  were  3  ft.  6  in.  in  diameter.  The  rings  were  1  ft.  6  in. 
in  depth,  and  consisted  of  three  segments  and  a  key.  A  top  section, 
7  ft.  in  depth  and  .3  ft.  6  in.  in  diameter,  was  ditched  first  so  that  the 
lower  portion  came  to  the  water  line.  The  lock  was  then  bolted  on 
and  blocked  under  the  foundation  footings. 

On  account  of  the  use  of  air,  it  was  necessary,  in  putting  the  rings 
together,  to  get  tight  joints,  and  therefore  tar-paper  was  used  for 
gaskets;  a  wash  of  neat  grout  was  also  applied,  and,  between  the  two, 
fairly  good  results  were  obtained.  Grout  holes  were  placed  in  each 
ring,  and  on  the  completion  of  every  second  ring  the  cutting  edge  was 
pugged  up,  and  the  two  rings  were  completely  grouted. 

The  excavation  was  made  the  full  18  in.  for  a  complete  ring,  and 
the  ring  was  then  assembled  and  bolted.  There  was  no  difficulty  in 
holding  up  the  ground  for  this  depth,  as  it  stood  well  on  being  dried 
out  by  the  air. 

The  rate  of  progress  in  sinking  a  caisson  of  this  type  does  not 
depend  on  the  rapidity  of  excavation,  but  on  the  speed  in  assembling 
and  bolting  up  the  rings,  in  making  the  joints  tight,  and  in  grouting. 
Fully  nine-tenths  of  the  time  consumed  in  making  18  in.  of  progress 
is  taken  up  in  the  latter  operations,  the  excavation  consuming  the 
remaining  tenth.  If  the  depth  of  the  ring  was  increased  to  more  than 
18  in.,  the  speed  would  probably  be  increased,  provided  there  was  no 
trouble  in  opening  up  the  face  for  so  great  a  distance.  On  the  other 
hand,  if  the  depth  of  each  ring  was  diminished  to  less  than  18  in.,  the 
speed  would  be  reduced  but  greater  safety  would  result. 

The  three  remaining  underpinning  caissons  were  sunk  by  a  method 
in  which  the  cutting  edge  was  buried  or  followed  very  closely  to  the 
excavation. 

A  comparison  of  the  progress  of  the  two  methods  shows  that  the 
speed  of  the  segment  method  is  about  three-fifths  that  of  the  other. 

Ogden  Merrill,  Assoc.  M.  Am.  Soc.  C.  E. — It  is  difficult  to  com-  _  Mr 
pare  the   method  of  sinking  shafts  with  plates,   as   described  by  the 
author,  with  that  referred  to  by  Mr.  Yates,  because,  with  the  former, 
it  is  not  necessary  to  use  compressed  air  and,  therefore,  the  problems 
due  to  pressure  are  not  encountered. 

The  speaker  has  had  occasion  to  note  the  great  care  which  is  nec- 
essary when  the  plate  method  is  used  under  air  conditions  on  an  under- 
pinning job  in  the  lower  end  of  Manhattan.  The  joints  must  be  abso- 
lutely tight,  and  the  least  carelessness  on  the  part  of  the  men  in  per- 


Merrill. 
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Mr.  forming  their  work  soon  becomes  evident  by  the  increased  speed  of  the 
'  compressors.  The  loss  of  air  through  the  joints  near  the  upper  portion 
of  the  shaft  will  also  cause  trouble  by  disturbing  the  ground. 

There  is  also  some  danger  in  digging  down  for  the  plates,  but  this 
is  not  present  in  so  marked  a  degree  when  there  is  no  air  on  the  shaft, 
because,  under  pressure,  if  the  loss  of  air  should  reach  an  amount 
sufficient  to  lower  the  pressure,  there  would  be  danger  from  the  ground 
coming  in  on  the  sides.  This  is  especially  the  case  where  it  is  neces- 
sary to  keep  the  pressure  close  to  a  balance  with  the  water  pressure. 

Of  course,  the  speed  of  putting  down  cylinders  with  the  plate 
method  becomes  greater  as  the  men  become  more  accustomed  to  the 
work,  but  where  it  is  necessary  to  make  provision  for  air  leakage,  the 
progress  is  necessarily  slower  than  if  the  work  is  done  in  the  open. 

On  the  work  referred  to  (with  the  plate  method)  another  system 
which  seemed  to  work  somewhat  better  under  air  conditions  was  used. 
This  consisted  in  using  a  nest  of  telescoped  cylinders  or  caissons.  This 
nest  was  first  ditched  about  7  ft.  in  the  ground,  and  then  the  inside  sec- 
tions were  jacked  from  within  the  outer  section  until  there  was  only  a 
lap  of  about  3  in.  This  process  was  repeated  with  the  remaining  cylin- 
ders until  the  necessary  depth  was  reached.  In  other  words,  the  tele- 
scope was  extended  by  using  jacks  which  were  operated  by  hydraulic 
pressure  transmitted  from  a  pump  outside  the  lock.  The  friction  was 
very  small,  because  the  sections  were  only  6  ft.  long,  and,  therefore, 
there  was  no  great  amount  of  moving  shaft  in  contact  with  the  ground. 
The  resultant  upward  pressure,  therefore,  was  very  small  and  was 
taken  care  of  by  the  resistance  against  movement  of  the  first  section 
put  in  place.  The  friction  of  the  section  in  place  created  a  force 
greater  than  that  required  to  jack  down  the  succeeding  sections.  At 
all  times  the  cutting  edge  was  kept  buried  in  the  ground. 

The  method  described  by  the  author  is  very  well  adapted  for  special 
cases,  and  can  be  used  where  no  other  would  be  favorable,  as  it  enables 
the  workmen  at  any  time  to  remove  any  particular  plate,  and,  if  nec- 
essary, to  work  out  from  the  shaft  proper. 

Mr.  Oscar  Lowinson,  Assoc.  M.  Am.  Soc.  C.  E. — The  method  adopted 

in  protecting  this  building  shows  ingenuity  and  skill  for  which  the 
author  deserves  great  credit.  The  low  cost  of  the  work  is  a  matter  of 
great  surprise  to  the  speaker,  for  compared  with  former  methods  of 
excavation  and  sheet-piling,  the  cost  is  possibly  one-third  of  what  it 
v/ould  have  been  with  those  methods. 

In  the  underpinning  work  continually  going  on  in  New  York  City, 
by  reason  of  the  construction  of  subways  and  the  carrying  down  of 
footings  of  adjoining  buildings,  such  problems  are  at  times  entirely 
different  from  those  which  engineers  formerly  had  to  meet,  and  the 
advances  in  their  solution  show  the  skill  with  which  they  are  met. 


Lowinson 
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J.  C.  Meem,  M.  Am.  Soc.  C.  E. — ^Before  discussing  this  interest-  Mr. 
ing  paper,  the  speaker  desires  to  ask  why  box  sheeting  was  not  used  ^®^™- 
in  sinking  the  pits  for  the  underpinning  of  this  building?  He  has 
supervised  much  underpinning  work  of  a  similar  nature,  and  has  had 
uniformly  good  results  with  such  methods  where  no  water  was  en- 
countered and  where,  in  consequence,  it  was  not  necessary  to  use  com- 
pressed air. 

In  connection  with  work  of  a  similar  character,  it  may  be  of 
interest  to  describe  the  following: 

In  building  a  section  of  the  Bridge  Loop  Subway  on  Centre  Street, 
adjacent  to  the  new  Metropolitan  Police  Headquarters,  it  became 
necessary  under  the  original  plans  to  underpin  a  portion  of  the  build- 
ing. The  method  devised  by  the  contractors,  the  Cranford  Company, 
for  whom  the  speaker  was  Engineer,  was  to  sink  box-sheeted  pits, 
adjacent  to  the  footings  of  the  building,  to  the  level  of  the  ground- 
water at  mean  high  tide.  These  pits  were  then  continued  with  inter- 
locking steel  sheet-piling  or,  in  case  great  depth  was  required,  hollow 
cylindrical  piling.  The  sheet-piling  was  the  interlocking.  United 
States  type  in  6-in.  sections,  and  the  cylindrical  piling  was  a  telescopic 
hollow  piling  known  as  California  stove-pipe.  No.  12  gauge,  and  vary- 
ing in  diameter  from  14  to  30  in. 

There  was  no  difficulty  in  sinking  the  steel  piling  to  the  shallower 
depths,  but  several  difficulties  presented  themselves  in  connection  with 
getting  the  cylindrical  piles  down  to  the  greater  depths,  as  they  could 
not  be  jetted  owing  to  the  proximity  of  the  piers,  and  it  was  difficult 
to  clean  them  out  without  jetting,  as  well  as  to  get  a  reaction  tor  the 
jacks  where  necessary  for  driving. 

The  character  of  the  material  covered  the  widest  range,  being  so 
soft  under  one  end  of  the  building  as  to  render  the  cleaning  out  of 
the  piles  hazardous,  while  under  the  other  end  the  sand,  gravel,  and 
large  cobble-stones  were  so  compacted  as  to  make  it  virtually  impossible 
to  sink  the  piles  without  excavating  ahead.  Resort  was  had  eventually 
to  large  cylinders,  30  in.  in  diameter. 

These  permitted  a  man  to  work  inside  with  a  long  bar  and  with 
scoops,  but,  as  it  was  dangerous  to  pump,  not  much  gain  was  made 
due  to  this  increase  in  size.  In  one  case  a  diver  was  sent  down  to 
dislodge  the  larger  cobble-stones,  but  he  met  with  only  fair  success. 
At  the  time  of  the  consummation  of  the  change  in  plans  for  the 
adjacent  subways,  which  rendered  unnecessary  any  further  under- 
pinning at  this  site,  the  contractors  were  considering  two  methods  of 
operation.  One  was  the  use  of  air  in  the  cylinders,  the  other  was  the 
use  of  large  cantilevers  carrying  one  set  of  piers  and  reacting  against 
those  in  the  rear.  The  building  being  long  and  narrow  was  very  well 
adapted  to  such  a  method.  These  cantilevers  would  have  been  borne  on 
a  central  pier  longitudinal  with  the  building  and  sufficiently  far  back 
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Mr.     to   have   its   footings    outside   the   zone   of   danger   from   the   subway 
Meem.  ,. 

excavation. 

This  cantilever  method  was  subsequently  adopted  for  the  building 
on  the  northeast  corner  of  Centre  and  Hester  Streets,  its  narrowness 
(only  9  ft.  over  all)  making  this  method  especially  applicable.  Box- 
sheeted  pits  were  first  sunk  to  water  level,  and  from  this  level 
cylindrical  pits  were  sunk  to  the  required  depth,  cleaned  out,  and 
filled  with  concrete.  On  these  piers  the  cantilever  beams  were  erected, 
supporting  the  front  piers  and  reacting  against  the  rear  wall. 

This  method  of  operation  gave  satisfactory  results,  from  every 
standpoint. 

Mr.  T.  Kennard  Thomson,  M.  Am.  Soc.  C.  E.  (by  letter). — The  maps 

in  Mr.  Opdycke's  ofiice  are  much  more  accurate  than  the  old  Viele 
map,  and  are  very  valuable  in  showing  the  location  of  all  the  old  ponds 
and  streams  in  New  York  City. 

Mr.  Yates  speaks  of  the  five  underpinning  cylinders  put  down  by 
Mr.  Merrill,  on  the  Assay  Building,  the  first  three  being  according  to 
Mr.  Merrill's  patent  for  telescopic  cylinders,  and  the  last  two  by  the 
method  described  in  this  paper. 

In  the  telescope  method  the  depth  everywhere  is  only  30  ft.,  the 
diameter  of  the  top  section  is,  at  least,  from  6  to  8  in.  greater  than 
that  of  the  bottom  section,  and,  of  course,  this  difference  would  increase 
with  the  depth.  Even  at  these  depths  there  was  more  or  less  trouble 
and  delay  in  jacking  the  sections  down. 

As  already  stated,  there  was  no  difficulty  in  this  case  in  going  18  in. 
below  the  cutting  edge,  in  fact,  the  writer  would  have  been  willing  to 
use  2-ft.  vertical  sections  instead  of  IJ-ft.  sections,  for  it  is  very  seldom 
that  the  caisson  excavation  is  not  carried  from  1  to  2  ft.  below  the 
cutting  edge  before  sinking,  without  any  trouble  resulting. 

Mr.  Yates  states  that  there  was  some  trouble  in  getting  an  air- 
tight job,  which  is  not  surprising,  as  nearly  all  the  segments  had  un- 
caulked  holes,  of  at  least  I  in,,  between  the  plates  and  angles,  which 
were  not  adequately  plugged  on  the  first  cylinder  sunk,  but  these  gave 
no  trouble  on  the  second  cylinder. 

When  working  on  the  Cambridge  Building,  the  men  required  about 
4  days  to  sink  the  first  cylinder,  but,  when  they  became  accustomed  to 
the  work,  the  time  was  decreased  to  about  11  days. 

Mr.  Merrill  considers  it  a  risk  to  undermine  the  cutting  edge  for 
fear  of  a  cave-in  if  anything  happens  to  the  air  supply;  experience 
has  shown  that  the  material  in  lower  New  York  City  will  safely  stand 
that  amount  of  undermining,  as  testified  by  Mr.  Yates  in  the  work  on 
the  Assay  Building,  under  air  pressure.  Of  course,  if  the  air  pipe 
broke,  the  material  would  rush  in  at  once,  and  the  fact  that  the  excava- 
tion was  2  ft.  below  the  cutting  edge  would  make  very  little  difference, 
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for  the  sand  would  be  forced  far  up  into  the  cylinder.  For  instance,  Mr. 
in  a  recent  accident,  in  the  heart  of  New  York  City,  the  pipe  supply- 
ing air  to  a  caisson,  13J  ft.  square,  suddenly  broke  and  within  15  min. 
the  sand  filled  the  air-chamber  and  the  shaft  for  10  ft.  above  the  deck, 
or  16  ft.  above  the  cutting  edge,  and  the  water  rose  42  ft.  in  the  shaft. 
Fortunately,  there  was  no  high  building  near.  One  gang  of  men  had 
just  come  out,  and  another  had  started  down  the  ladder.  The  water 
rose  as  fast  as  they  could  climb. 

Mr.  Meem  asks  why  box-sheeting  was  not  used.  In  the  first  place, 
it  would  take  up  too  much  room  in  a  small  shaft;  in  the  second,  it 
would  be  more  difficult  to  make  it  air-tight,  and,  besides,  it  was  neces- 
sary to  have  the  steel  shell  to  strengthen  the  shaft  so  that  the  full  load 
could  be  put  on  almost  at  once,  without  waiting  for  the  concrete  to 
gain  its  full  strength.  Therefore,  under  these  circumstances,  the  steel 
was  the  cheaper,  quicker,  and  safer. 

Cylinders  too  small  to  allow  a  man  to  work  in  (less  than  30  in.  in 
diameter)  have  been  tried  repeatedly  and  have  given  unsatisfactory 
results.  If  the  cylinders  are  carried  below  the  water  level  in  lower 
New  York  City,  it  is  absolutely  necessary  to  use  compressed  air.  The 
method  of  forcing  cylinders  down  by  the  aid  of  a  water-jet  has  also 
been  tried  several  times  in  New  York,  with  very  unfortunate  results, 
to  say  the  least. 

Mr.  Lowinson  refers  to  the  economy  of  this  work,  and  his  remarks 
are  appreciated,  because  he  has  had  a  great  deal  of  experience  in 
every  branch  of  building  construction. 
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To  some  extent,  this  paper  is  a  continuation  of  the  informal  dis- 
cussion on  "Irrigation"  which  took  place  at  the  Annual  Convention 
of  the  Society,  held  in  Denver,  Colo.,  in  June,  1908.t 

In  that  discussion  some  reference  w^as  made  to  the  introduction  of 
more  permanent  structures  in  irrigation  work;  that,  for  such,  concrete 
was  being  used  extensively;  and  that,  in  some  smaller  structures, 
failures  had  occurred,  in  the  form  of  crumbling  or  disintegration,  due, 
presumably,  to  the  action  of  the  alkali  frequently  present  both  in  the 
soil  and  in  the  water,  and  resulting  from  chemical  reactions  between 
the  sulphates  in  these  waters  and  the  cement,  which  reactions  may  not 
yet  be  fully  understood  and  are  under  investigation.  Since  that  time 
the  subject  has  received  more  than  passing  attention  from  the  Profes- 
sion and  the  industry  at  large,  as  shown  by  more  or  less  extended 
comments  in  the  technical  and  trade  journals. 

Several  instances  of  such  failures  were  referred  to  by  members  who 
took  part  in  that  discussion,  and  it  is  largely  the  purpose  of  this  paper 
to  consider  these  and  other  instances  somewhat  more  fully,  to  elicit 
further  discussion  and  consideration,  and,  if  possible,  to  arrive  at  more 

*  Presented  at  the  meeting  of  February  16th,  1910. 
'r  Transactions,  Am.  Soc.  C.  E.,  VoJ.  LXII,  p.  1. 
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definite  conclusions  in  reference  to  the  disintegrating  action  of  alkali, 
in  the  soil  and  in  the  water,  and  of  the  methods  of  counteracting  it. 

It  should  be  stated,  at  the  very  outset,  that  the  subject  is  not 
approached  with  alarm,  but  rather  with  an  inquiring  mind. 

Irrigation  development  has  passed  the  stage  in  which  temporary 
structures  are  considered;  and  the  Engineer  is  looking  for  permanence, 
from  the  economic  standpoint  of  reduction  in  cost  of  maintenance, 
operation,  and  renewals.  He  is  almost  ready  to  consider  favorably  the 
use  of  concrete,  in  all  forms  and  for  nearly  all  structures.  Under 
observation,  certain  defects,  arising  from  natural  conditions  which  are 
almost  always  present  in  the  regions  of  operation,  have  become  ap- 
parent; and  these  cause  a  temporary  hesitation  and  further  considera- 
tion of  plans  and  methods.  The  attitude  is  by  no  means  that  of 
abandonment,  but  rather  of  painstaking  investigation  of  all  the  condi- 
tions, with  the  desire  to  ascertain  the  cause,  and,  from  that,  to  intro- 
duce methods  which  will  overcome  the  defect.  Most  certainly  it  is 
not  the  desire  to  magnify  unduly  the  significance  of  a  few  isolated 
instances  of  failure,  or  to  ignore  defective  constructional  methods  in 
these,  but  rather  to  investigate  methodically  all  phases  of  the  failed 
structures.  Such  investigation  is  now  being  made  by  the  chemical 
branch  of  the  Reclamation  Service,  as  well  as  by  others,  and  until 
official  reports  are  published,  such  discussions  as  the  present  may  be 
considered  premature.  In  view,  however,  of  the  great  amount  of  work 
under  way  and  in  contemplation  in  regions  known  to  be  affected,  and 
the  serious  importance  of  these  matters,  not  only  to  irrigation  engi- 
neers, but  to  all  members  of  the  Profession  engaged  in  structural  work 
using  concrete  in  contact  with  alkali  (in  soil  or  in  water),  it  is  not  out 
of  place -to  add  the  available  knowledge  and  information  to  the  more 
extended  and  methodical  inquiries. 

It  is  well  known,  of  course,  that  alkali  is  present  in  greater  or  less 
amount  in  the  soil  of  the  arid  regions.  In  the  disintegration  of  the 
rocks,  the  minerals  have  been  broken  down  into  mineral  salts  which 
have  remained  in  the  soil  as  soluble  salts.  The  rainfall  and  the 
drainage  of  the  region  are  insufficient  to  carry  these  salts  out  of  the 
soil  through  the  subsoils  and  eventually  into  the  streams  and  rivers,  as 
is  the  case  in  the  more  humid  regions. 

The  accumulation  explains  the  wonderful  fertility  of  the  soil  in 
arid  regions,  and  at  the  same  time  accounts  for  the  menace  to  the  purely 
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agricultural  interests.  In  sandy  soils,  with  free  drainage,  irrigation 
assists  in  the  removal  of  these  salts;  in  the  closer  soils,  such  as  shale, 
with  less  drainage,  it  may  and  does  increase  the  accumulation  to  a 
harmful  degree. 

All  are  familiar  with  the  results  in  connection  with  agricultural 
operations.  Efflorescence  in  large  amounts  is  a  sure  indication  of 
alkali,  and  then  it  is  in  its  least  harmful  form.  What  is  known  as 
"black  alkali"  is  much  more  injurious  to  plant  life.  The  latter  form 
represents  the  alkaline  carbonates,  which  actually  dissolve  the  organic 
materials  of  the  soil,  and  kill  the  germinating  seeds  or  roots  of  the 
plants;  the  former,  the  white  alkalis  (of  which  the  most  common  are 
sodium  sulphate,  sodium  chloride,  magnesium  sulphate,  and  magnesium 
chloride),  are  not  in  themselves  poisonous  to  plants,  nor  do  they  attack 
the  substance  of  the  plant  roots;  but  they  are  injurious  when  in  excess- 
ive amounts,  as  they  prevent  the  plants  from  taking  up  their  needed 
food  and  water  supply. 

It  has  been  tolerably  well  determined  just  what  amount  of  soluble 
salts  is  limiting  for  plant  growth,  varying  with  the  character  of  the 
salts,  of  the  soils,  and  of  the  plant  itself;  for  crops  differ  in  their 
ability,  and  some  will  thrive  on  soils  on  which  others  would  languish. 

Such,  very  briefly,  is  the  general  action  of  "alkali"  on  agricultural 
interests.  The  salts  are  largely  the  sulphates  of  lime,  magnesia,  soda, 
alumina,  iron,  and  potash,  and  the  carbonates  of  soda  and  potash.  Of 
these,  the  sulphates  only  may  prove  injurious  to  concrete,  and  as  the 
shales  of  the  Dakota  formation  are  known  to  be  rich  in  alkalis,  and 
are  connnon  throughout  the  arid  regions,  the  effect  of  these  soils  and 
their  salts  on  concrete  structures  will  be  set  out  by  brief  reference  to  a 
few  knovTn  cases  where  this  action  has  taken  place.  ^ 

A  good  many,  if  not  all,  of  the  projects  of  the  Reclamation  Service 
are  located  in  alkali  regions,  and,  thus  far,  the  attention  of  the  engi- 
neers has  been  directed  to  the  failure  of  concrete  structures  on  only 
two  of  these  projects — one  in  Montana  and  one  in  Wyoming. 

These  failures  may  indicate  some  special  peculiarity  of  the  local 
soil,  and  may  be  somewhat  similar  to  the  well-known  fact  that  the 
action  of  sea  water  has  been  destructive  to  concrete  in  certain  localities 
and  not  in  others. 

The  Service  has  started  an  investigation,  which  is  still  continuing, 
and  the  chemist's  report  has  not  yet  been  published,  but  Mr.  Jewett, 
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the  cement  expert  of  the  Service,  in  a  paper  before  the  American 
Society  for  Testing  Materials,  set  forth  some  of  the  conditions,  as  will 
be  shown  by  the  following  extracts*: 

"On  the  Sun  Kiver  project  *  *  *  its  effect  has  been  seen  in 
the  disintegration  of  a  number  of  small  structures,  such  as  pipe  cul- 
verts, which  are  partially  submerged  in  the  small  streams  carrying  the 
drainage  of  the  surrounding  country.  The  effect  of  this  water  in 
causing  the  disintegration  of  the  concrete  is  noticed,  both  in  the  soft- 
ening of  the  material  wJiere  constantly  submerged  for  a  period  of  three 
or  four  months,  and  also  more  particularly  in  the  breaking  up  of  the 
structure  at  the  line  where  the  water  rises  and  falls,  or,  in  other  words, 
where  there  is  a  submersion  followed  by  a  drying  out,  followed  by  an- 
other submersion,  etc.  This  process  brings  about  a  breaking  up  of  the 
structure,  similar  in  appearance  to  that  of  the  effect  of  freezing,  only 
much  more  severe.  It  is  described  by  the  engineer  in  charge  of  this 
work  as  follows: 

"  ^On  examination  of  some  of  the  concrete  culverts  which  have  been 
in  place  in  alkali  water  for  three  or  four  months,  the  part  under  water 
is  much  softer  than  the  part  above  water,  but  the  greatest  effect  of 
the  alkali  seems  to  be  at  the  water  surface.  Have  examined  pieces 
of  these  culverts  taken  from  below  water  level  and  found,  by  micro- 
scopic examination,  minute  crystals  which  disintegrate  on  being  ex- 
posed to  the  air  and  become  a  fine  powder.  This  process  of  crystalliza- 
tion has  an  enormous  expansive  force,  the  same  as  freezing,  and  this 
undoubtedly  has  an  enormous  disintegrating  effect.  One  culvert  which 
had  been  in  alkali  water  several  months  had  no  strength  at  all  and  was 
like  so  much  sand  and  mud  at  the  water  level.' 

*  *  -x-  -Jf  *  *  * 

"In  studying  the  cause  of  this  disintegration  it  seemed  that  a 
chemical  analysis  of  the  water  producing  these  results  would  be  the 
first  step  of  importance  to  be  taken.  The  results  obtained  from  an 
analysis  of  this  water  are  as  follows: 

"Milligrams 
per  Liter. 

"Calcium  sulphate   (Ca  SO^) 1  690 

Magnesium  sulphate   (Mg  SO  J 6  870 

Basic  magnesium  carbonate  (MgH^  CO^,) 305 

Magnesium  chloride   (Mg  CI2) 192 

Potassium  chloride  (K  CI) 20 

Total  solids    9  077 

Weight  after  ignition    8  855 

Loss  on  ignition   222 

*  Proceedings,  Am.  Soc.  for  Testing  Materials,  Vol.  VIII,  1908. 
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"From  this  analysis  it  will  be  seen  that  the  principal  mineral  in- 
g-redient  of  this  water  is  magnesium  sulphate,  and  this  leads  to  the 
conclusion  that  the  effect  of  this  water  in  causing  disintegration  of 
concrete  is  similar  in  its  action  to  that  of  sea  water  in  which  mag- 
nesium sulphate  is  stated  to  be  the  principal  substance  acting  to  bring 
about  the  disintegration  of  concrete  with  which  it  comes  in  contact." 

Professor  Headden,  of  the  Colorado  State  Agricultural  College, 
has  at  various  times  issued  bulletins  in  reference  to  alkali  in  the 
soil  and  in  the  water,  and  has  recently  added  to  his  publications  Bulle- 
tin No.  132  on  "The  Destruction  of  Concrete  by  Alkali,"  in  the  course 
of  which  he  gives  an  account  of  his  investigation  of  cement  tiling 
which  had  rapidly  deteriorated.  From  that  bulletin  the  following  is 
quoted  in  order  to  convey  clearly  the  conditions : 

"The  following  case  of  deterioration  may  be  of  some  interest  as  it 
presents  some  new  points.  There  were  sent  to  me  some  months  ago  a 
number  of  fragments  of  tiling  which  had  been  laid  but  from  eight  to 
nine  months.  They  had  been  disintegrated  to  such  an  extent  that 
one  of  the  samples  was  simply  a  white  putty-like  mass  mixed  with 
sand.  There  was  nothing  about  this  sample  remotely  suggestive  of 
concrete.  Another  of  the  samples  consisted  of  a  fragment  of  the  tile, 
the  interior  portions  of  which  had  been  wholly  decomposed,  while 
there  still  remained  an  outer  and  inner  portion  in  good  condition,  or 
comparatively  so.  Another  sample  had  been  attacked  on  the  inner  side 
leaving  the  mass  of  the  tile  outside  of  the  zone  of  decomposition  ap- 
parently sound.  The  line  of  decomposition  was  sharply  limited  and 
showed  distinctly,  but  even  in  this  case  there  remained  a  thin  layer  of 
cement  on  the  inside. 

"I  do  not  know  whether  the  tile  were  running  full  of  water  or  not, 
probably  not,  as  the  fragments  seem  to  be  parts  of  16  or  18  inch  tile. 
The  importance  of  this  point  is  simply  this,  that  it  would  answer  any 
question  in  regard  to  the  separation  of  solid  'alkali'  salts  on  that  por- 
tion of  the  tile  above  the  water  line.  That  such  a  separation  of  these 
salts  should  take  place  does  not  seem  very  probable  in  this  case. 

"The  point  of  attack,  so  far  as  the  samples  at  my  disposal  indicate, 
is  either  in  the  center  of  the  cement  mass  or  near  the  inner  surface. 
In  either  case  we  are  almost  compelled  to  assume  the  action  of  the 
water,  i,  e.,  of  the  salts  held  in  solution.  At  the  same  time  we  see  the 
resisting  power  of  the  outside  and  inside  surfaces,  which  are  evidently 
richer  in  cement  than  the  inner  portion  of  the  mass  of  the  tile. 

"The  sand  used  in  making  the  tile  was  quite  fine.  The  proportion 
used  was  5 :1.  We  can  readily  see  that  the  individual  masses  of  cement 
in  the  interior  mass  of  the  tile  must  be  small  and  readily  attacked  by 
solutions  of  salts  capable  of  reacting  with  the  cement. 
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"It  seems  quite  evident  that  the  agents  causing  this  disintegration 
of  the  cement  must  gain  access  to  the  interior  portion  of  the  mass  of 
the  tile  in  the  form  of  a  solution,  but  it  is  a  question  whether  this 
solution  is  the  same  in  strength  and  character  as  the  water  in  the 
drain.  I  think  that  I  have  clearly  shown  in  Bulletin  65  of  the  Colo- 
rado Experiment  Station,  page  34,  that  the  water  soluble  portion  of  the 
soil  is  different  from  the  salts  held  in  solution  in  the  ground  water. 
Further,  in  Bulletin  72,  page  28  et  seq.,  that  the  ground  waters  are 
different  from  the  drain  waters,  and  the  action  of  these  waters  on  the 
tile  would  vary  somewhat  according  to  the  source  of  the  solution  which 
penetrated  the  mass  of  the  tile. 

"The  drain  waters  obtained,  say  at  a  depth  of  four  feet,  contain 
as  a  rule  a  smaller  amount  of  salts  in  solution  than  the  ground  water. 
The  salts  present  are  the  same,  but  their  relative  quantities  vary.  The 
usual  salts  present  in  the  ground  waters  are,  sodic  sulfate,  calcic  sul- 
fate, magnesic  sulfate,  sodic  carbonate,  and  sodic,  in  some  instances 
also  magnesic  chlorid.  In  the  drain  waters  we  have  the  same  salts,  but 
their  relative  quantities  are  different,  the  most  notable  feature  being 
the  relatively  large  amount  of  sodic  carbonate. 

"The  substances  claimed  to  be  the  most  active  in  effecting  the  dis- 
integration of  cement  are  the  sulfates.  In  the  case  of  sea  water  the 
explanation  offered  is  that  the  lime  of  the  cement  decomposes  the  mag- 
nesic salts  present  in  the  water,  whereby  the  lime  goes  into  solution  and 
the  magnesia  is  deposited  in  its  stead,  causing  a  bulging  and  disinte- 
gration of  the  work  owing  to  its  greater  bulk.  The  principal  mag- 
nesian  salt  in  sea  water  is  the  chlorid,  the  deleterious  action  of  which 
on  cement  is  not  established,  but  it  has  been  shown  that  magnesic 
sulfate  acts  energetically.  The  most  active  agent  in  decomposing  con- 
crete is  the  sulfuric  acid  of  the  sulfates  carried  in  solution.  Again 
solutions  of  gypsum  have  been  shown  to  act  detrimentally  on  concrete 
by  forming  with  the  tri-calcic  aluminate  a  sulfo-aluminate. 

"The  water  acting  on  these  tiles,  whether  it  be  ground  water  or 
drain  water,  is  very  bad.  One  of  the  two  small  samples  sent  to  me 
contained  1  252.6  grains  per  imperial  gallon,  of  which  493.5  grains  were 
sulfuric  acid  (SO^)  with  an  extremely  large  proportion  of  magnesia. 
The  other  contained  542.3  grains  per  imperial  gallon,  with  42.31  grains 
of  magnesic  oxid  or  7.8  per  cent,  of  the  total  solids.  I  have  examined 
a  number  of  waters  from  this  section,  and  find  the  ground  water  uni- 
formly heavily  laden  with  the  sulfates  of  lime  and  soda,  with  com- 
paratively large  quantities  of  magnesia,  especially  if  the  water  comes 
from  near  the  surface,  as  it  necessarily  must  in  the  case  of  drain 
waters.  In  addition  to  the  above  constituents,  there  is  uniformly 
some  carbonate  present,  which  for  the  present  purpose  we  may  con- 
sider as  sodic  carbonate. 

"We  have  then  an  ample  supply  of  these  substances  present  which 
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are  known  to  act  deleter! ously  upon  cement,  i.  e.,  the  sulfates,  a  por- 
tion of  which  is  magnesic  sulfate,  and  in  addition  there  is  so  much 
sodic  carbonate  present  that  its  action  cannot  be  neglected." 

Professor  Headden,  assuming  that  the  cement  used  in  the  tiling 
was  an  average  Portland  cement,  with  not  more  than  2%  of  calcic 
sulphate,  then  considers  the  action  of  the  waters  on  the  tile. 

The  white  decomposition  product  indicated  the  presence  of  a  large 
quantity  of  water,  also  of  considerable  quantities  of  sulphuric  and 
carbonic  acids. 

The  decomposed  mass  was  washed  with  distilled  water,  and  the  wash- 
water  showed  that  it  had  taken  sulphuric  acid,  lime,  and  soda  into 
solution. 

An  analysis  of  the  Arkansas  River  water  at  Rocky  Ford,  which. 
Professor  Headden  remarks,  is  essentially  a  return  water,  is  given,  and 
the  assumption  is  made  that  the  composition  of  the  water  acting  on 
the  decomposed  tiling  was  much  the  same,  as  are  all  waters  in  that 
district,  varying  in  amounts  of  mineral  matter,  or  total  solids  held  in 
solution,  as  shown  by  the  two  samjDles  of  drain  water  accompanying  the 
tiling — one  having  1  252.6  grains,  the  other  542.3  grains. 

The  action  on  the  tiling  seems  to  be  similar  in  Colorado  and 
Montana.  A  comparison  of  the  features  of  construction  may  not  be 
possible. 

In  the  Montana  case,  Mr.  Jewett  says: 

"Of  course,  in  this  case,  as  in  any  other  case  of  concrete  failure, 
the  question  of  poor  workmanship  is  one  of  the  first  to  be  considered 
and  it  should  be  noted  that  the  work  in  question  was  carried  on  by 
force  account  under  direct  supervision  of  employees  of  the  Service  and 
not  by  contract,  and  was  done  in  the  usual  thorough  and  substantial 
manner,  in  which  all  of  the  construction  work  of  the  Service  is  carried 
on.  After  taking  all  the  evidence  into  account  there  seemed  to  be  no 
other  conclusion  but  that  the  action  of  the  alkali  water  was  directly 
responsible  for  the  results  noticed." 

Professor  Headden  has  not  much  information  on  the  quality  of  the 
tiling  examined  by  him.  The  sand  used  was  quite  fine,  the  proportion 
5  to  1,  and  the  individual  masses  of  cement  in  the  interior  must  have 
been  small  and  readily  attacked  by  solutions  of  salts  capable  of  reacting 
with  the  cement. 

Both  Mr.  Jewett  and  Professor  Headden  find  the  decomposing 
action,  in  the  cases  of  these  tilings,  to  be  similar  to  that  of  sea  water. 


I 
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in  which  magnesic  sulphate  is  stated  to  be  the  principal  agent.     Pro- 
fessor Headden  says,  as  already  quoted, 

"The  principal  magnesian  salt  in  sea  water  is  the  chlorid,  the  dele- 
terious action  of  which  on  cement  is  not  established,  but  it  has  been 
shown  that  magnesic  sulfate  acts  energetically." 

Keference  to  this  similarity  to  the  action  of  sea  water  will  be  made 
later;  meantime,  the  following  is  a  summary  of  Professor  Headden's 
conclusions. 

The  analysis  may  be  interpreted  as  indicating  that  the  cement  had 
been  deprived  of  silicic  acid  and  of  a  relatively  large  amount  of  lime. 
The  amounts  of  the  ferric  and  aluminic  oxides  have  been  reduced  to 
about  one-half  as  much  in  the  decomposed  cement  as  in  the  origiral. 
The  sodic  sulphate,  more  particularly  the  calcic  and  magnesic  sulphates 
which  are  present  in  the  ground-water,  will  at  the  same  time  act  on  the 
tri-calcic  aluminate,  forming  the  sulpho-aluminate,  which  crystallizes 
with  60  molecules  of  water  and  is  soluble.  The  increase  of  sulphuric 
acid  (more  than  20%),  and  also  of  carbonic  acid  (more  than  12%), 
in  the  water-free  decomposition  product  is  noted,  as  compared  with  only 
about  1%  each  in  the  original  product,  while  magnesic  sulphate  has 
also  contributed  to  the  result,  being  more  than  four  times  greater  in 
the  decomposed  product  than  in  the  original;  and  there  is  the  con- 
clusion that: 

"The  action  of  the  ground  waters  seems  to  have  been  one  of  chemi- 
cal change,  converting  the  lime  of  the  cement  into  a  sulfate  and  car- 
bonate accompanied  by  the  removal  of  silicic  acid,  alumina,  and  lime, 
and  totally  destroying  the  cohesiveness  of  the  concrete." 

The  case  of  the  sewers  at  Great  Falls,  Mont.,  has  been  referred  to 
frequently,  and  is  probably  the  most  striking  illustration  of  deteriora- 
tion yet  considered.  The  City  Engineer,  Mr.  C.  W.  Swearingen,  was 
so  impressed  by  the  conditions  that  he  requested  the  authorities  at  the 
Montana  State  Agricultural  College  to  investigate  and  report  on  it. 

The  preliminary  conclusions  of  Mr.  E.  T.  Tannatt,  Rural  Engineer, 
and  Mr.  Edmund  Burke,  Chemist,  are  embodied  in  Bulletin  No.  69 
of  the  Montana  Experiment  Station,  from  which  the  following  extracts 
give  a  very  clear  exposition  of  the  conditions : 

"The  Third  Street  main  sewer  was  constructed  in  the  year  1890, 
the  material  used  being  Portland  cement  pipe  of  home  manufacture, 
made  in  moulds   and  put  in  place  after  the  cement  had  hardened. 
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Sewer  is  oval  in  shape,  dimensions  26  x  32  inches.  This  sewer,  after 
a  comparatively  short  term  of  service,  showed  defects  of  so  serious  a 
character  as  to  necessitate  rebuilding  portions  of  the  same.  The  re- 
maining portion  of  this  sewer  has  disintegrated  in  many  places  and 
occasionally  portions  of  the  pipe  are  gone,  the  cement  in  places  has  the 
appearance  and  consistency  of  fresh  lime  mortar. 

"The  Sixth  Street  main  was  constructed  in  the  year  1892,  the 
material  being  the  best  grade  of  common  brick  of  home  manufacture. 
Sewer  is  circular  in  form,  four  feet  inside  diameter,  two  rings  of  brick 
laid  on  edge  in  imported  Portland  cement  mortar,  outside  plaster  coat 
one-half  inch  thick,  not  plastered  on  inside;  all  cement  mortar  one 
part  cement  and  three  parts  sand.  The  masonry  in  the  invert  in  this 
sewer  is  disintegrating  throughout  its  entire  length,  the  defects  being 
confined  almost  entirely  to  the  invert  and  lower  sections  of  the  man- 
holes ;  the  arch  is  in  apparent  good  condition. 

"There  is  no  sub-drain  under,  nor  on  the  sides  of  the  sewer.  As 
stated  before,  the  disintegration  in  the  Third  Street  main,  where 
cement  pipe  was  used,  commenced  soon  after  its  construction,  whereas 
the  Sixth  Street  main  gave  no  evidences  of  defect  for  about  seven  years 
after  its  construction,  and  it  is  only  during  the  past  four  years  that 
decomposition  has  been  rapid." 

The  examiners  found:  (a)  that  the  disintegration  and  destructive 
action  of  the  cement  did  not  come  from  adulteration,  nor  from  the 
quality  of  the  materials  used;  (h)  that  though  a  limited  chemical  or 
physical  action  of  the  alkali  salts  may  be  a  partial  cause  of  the  breaking 
down  of  the  brick,  yet  the  principal  cause  was  the  fact  that  the  bricks 
were  too  soft,  and  not  fit  for  sewer  construction;  and  (c)  that  the 
action  on  the  cement  was  chemical,  that  the  destructive  agent  came 
from  the  outside  of  the  sewer,  and  that  the  disintegration  of  the  cement 
cannot  be  charged  to  any  action  of  the  sewage  or  gas^  from  the  same. 

They  found  that  certain  portions  of  the  sewers  showed  the  presence 
of  external  moisture  to  a  more  marked  degree  than  other  sections,  and 
that,  contiguous  to  it,  were  various  depressions  in  which  water  col- 
lected and  gradually  seeped  into  the  soil,  thereby  affording  means  for 
the  leaching  out  of  the  alkali  from  the  gumbo,  through  the  sand  and 
other  more  permeable  formations,  into  the  back-filling  adjoining  the 
sewer,  there  depositing  against  the  structure.  The  soil  samples  show- 
ing the  highest  percentages  of  alkali  were  taken  immediately  at  the 
back  of  the  cylinder  of  the  sewer. 

Soil  samples  were  analyzed  in  order  to  ascertain  the  amount  of 
alkali  salts,  whether  these  were  being  leached  out  and  lodged  against 
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the  sewer,  and  the  amounts  at  various  depths,  but  there  is  no  chemical 
investigation  of  the  action  on  the  cement  and  its  alteration,  which  it  is 
understood  will  form  the  subject  of  a  later  bulletin. 

The  analyses  embodied  in  the  report,  however,  show  that  the  maxi- 
mum disintegration  of  the  sewer  occurred  where  the  greatest  per- 
centage of  alkali  showed  in  the  soil,  and  that  the  ground-waters  were 
leaching  the  alkali  from  the  soils  and  depositing  the  salts  along  the 
sewer. 

Messrs.  Tannatt  and  Burke  consider  that  the  use  of  cement  for 
sewers  and  other  structures  in  alkali  soil  is  inadvisable  in  cases  where 
it  is  not  possible  to  drain  all  ground-waters  from  the  exterior  of  the 
sewer,  and  they  recommend  that  drain  tile  be  placed  in  the  bottom 
of  the  trench,  covered  with  clean  gravel  or  crushed  stone,  and  that 
similar  drains  be  placed  around  the  barrel  of  the  sewer  to  provide 
effective  drainage  of  the  ground-waters,  in  order  that  it  will  not  be 
possible  for  them  to  come  into  contact  with  the  structure  itself,  and, 
where  these  precautions  cannot  be  taken,  they  "unhesitatingly  recom- 
mend that  cement  pipe  be  not  used." 

The  writer  had  some  experience  with  a  construction  somewhat 
similar  to  the  Great  Falls  sewer,  and  in  similar,  though  not  such  aggra- 
vated, conditions,  but  with  entirely  different  results. 

Lake  Loveland  was  constructed  under  the  writer's  supervision  in 
1894.  The  outlet  is  a  tunnel  about  |  mile  long,  nearly  all  of  which  is 
in  stratified  shale.  The  rock  was  of  such  a  character  that  it  would 
have  decomposed  under  the  action  of  passing  waters  at  a  high  velocity, 
and  therefore  the  tunnel  was  lined.  The  interior  diameter  of  the  tube 
was  5  ft.  The  invert  was  built  of  two  rings  of  well-burned  brick,  and 
the  arch  was  of  concrete. 

In  the  excavation,  large  volumes  of  water  were  developed,  ultimately 
giving  a  flow  of  about  2  cu.  ft.  per  sec.  The  water,  undoubtedly,  was  im- 
pregnated heavily  with  alkali,  but  the  vrriter  did  not  obtain  a  chemical 
analysis  of  it,  as,  at  that  time,  he  did  not  suspect  that  any  deleterious 
action  might  be  caused  by  the  character  of  the  water  itself;  but,  apart 
from  the  fact  that  it  was  "return  water" — the  drainage  of  a  large  sec- 
tion of  irrigated  country  lying  west  of  the  reservoir — there  were  con- 
stant physical  evidences  that  it  contained  salts,  if  one  might  judge  from 
the  action  on  the  human  system  caused  by  drinking  it  in  moderate 
quantities. 
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Through  the  whole  length  of  the  tunnel  a  sub-drain  was  channeled 
out  in  the  rock  bottom,  and  wooden  boxes  were  placed  to  convey  these 
waters.  Side-drains  were  also  placed  at  frequent  intervals  throughout 
the  whole  length,  and  mostly  where  the  volume  was  largest,  always 
connected  with  the  under-drains.  These  were  carried  up  as  high  as 
the  drainage  showed,  usually  to  the  spring  of  the  arch.  In  short,  every 
precaution  was  taken  to  prevent  the  water  from  coming  in  contact  with 
the  concrete,  certainly  until  it  had  set  thoroughly,  and  solely  for  the 
purpose  of  securing  good  results  and  without  thought  of  any  ultimate 
chemical  reaction. 

The  work  was  done  practically  by  force  account.  The  materials 
were  supplied,  the  labor  was  done  under  contract,  and  the  work  was  in 
charge  of  a  competent  concrete  worker  and  under  a  thoroughly  able 
inspector. 

As  far  as  the  writer  knows,  the  concrete  and  the  cement  mortar  in 
the  brickwork  are  in  thoroughly  good  condition  to-day.  It  is  nearly 
8  years  since  he  examined  the  work,  and  then  it  was  found  to  be  with- 
out any  apparent  defect.  The  superintendent  informed  the  writer, 
recently,  that  he  had  not  been  in  the  tunnel  for  2  years,  but  had  then 
found  it  in  perfect  condition,  and  was  of  the  opinion  that  it  still  is  so. 

One  other  structure  may  be  mentioned,  a  reservoir  spillway  in  the 
Arkansas  Valley,  or  the  Bob  Creek  Reservoir,  constructed  and  owned 
by  Mr.  W.  C.  Bradbury.  The  writer's  attention  was  attracted  to  it  in 
September,  1909,  when  passing  near  it,  on  other  business.  He  first 
noticed  and  examined  a  small  division  head-gate  about  i  mile  below 
the  reservoir.  It  was  stated,  that  these  work's  had  been  built  less  than 
2  years  before  that  time.  The  writer  had  no  means  of  knowing  the 
proportions  used  in  the  work,  but  this  head-gate  seemed  to  have  been 
fairly  well  built,  and  its  upper  portion  was  in  fair  condition.  The 
floor  had  evidently  been  about  6  in.  in  thickness,  but  it  was  entirely 
decomposed,  and  could  be  crushed  readily  in  the  hand.  The  uprights, 
up  to  about  the  normal  height  of  the  water,  showed  disintegration.  At 
the  outlet  from  the  reservoir,  the  apron  was  disintegrated  in  the  same 
way.  It  had  been  reinforced,  and  the  reinforcing  material  was  exposed 
and  bright  while  the  concrete  mass  was  almost  completely  pulverized. 

The  spillway  to  the  reservoir  was  of  considerable  length  and  height, 
of  ogee  overfall,  and  had  the  same  appearance  of  fairly  good  construc- 
tion.    Prior  to  the  writer's  visit,  there  had  never  been  any  water  flow- 
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ing  over  it  from  the  reservoir.  Its  lower  portion,  for  a  height  of  about 
10  ft.  above  the  apron  level,  was  markedly  discolored,  and  on  breaking 
the  surface  crust,  it  was  found  that  the  interior  mass  of  the  concrete 
could  easily  be  removed  and  pulverized  in  the  hand. 

About  a  month  later,  water  passed  over  the  spillway  and  washed 
out  the  lower  section  of  the  fall  to  the  height  already  indicated.  The 
concrete  had  been  placed  on  a  foundation  of  shale,  from  which  the 
alkali  water  oozed.  No  provision  had  been  made  for  the  under-drainage 
of  this  water,  and  the  conclusion  is  inevitable,  that  the  destruction  of 
the  concrete  was  the  result  of  the  chemical  action  of  the  alkali  in  the 
water  draining  from  the  shale. 

From  these  various  instances,  it  would  seem  that  somewhat  new 
problems  are  presented  to  the  constructing  engineer,  or,  if  they  are  not 
new,  they  are  old  problems  under  new  conditions,  and  engineers  have 
been  prone  to  overlook  their  significance  until  serious  consequences  have 
forced  them  directly  on  their  attention. 

It  is  very  likely  true  that  the  effects  of  alkali  on  concrete  are 
similar  to  those  of  sea  water,  with  some  differences,  as  these  in  them- 
selves differ  in  various  localities.  Means  of  overcoming  the  sea-water 
action  are  fairly  well  outlined,  though  as  competent  an  authority  as 
Feret  says: 

"No  cement  or  other  hydraulic  product  has  yet  been  found  which 
presents  absolute  security  against  the  decomposing  action  of  sea  water." 

Michaelis,  on  the  other  hand,  long  ago  made  certain  recommenda- 
tions which  may  be  summarized  briefly  here:  From  the  physical  point 
of  view,  a  dense  concrete  surrounded  with  an  impermeable  layer  com- 
posed of  1  part  of  cement  and  2  or  2^  parts  of  sand  of  mixed  grains, 
of  which  at  least  one-third  must  be  very  fine,  and  the  whole  mass  made, 
if  possible,  in  one  operation;  from  the  chemical  point  of  view,  the  use 
of  cement  rich  in  silica  and  as  poor  as  possible  in  alumina  and  ferric 
oxide,  and  the  use  of  substances  which  render  the  mortar,  at  any  rate 
in  its  external  layers,  denser  and  more  capable  of  resistance. 

The  solution  of  the  problem,  from  the  chemical  point  of  view,  will 
be  the  care  of  the  chemists  and  the  cement  manufacturers.  The  problem 
for  them  is  as  new — or  as  old  under  new  conditions — as  it  is  for  the 
engineer;  and,  conceding  the  general  proposition  that  the  solution  lies 
in  good  construction,  which  the  engineer  must  realize  and  will  pro- 
vide, there  is,  it  would  seem,  the  larger  problem  of  a  coating  which, 
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adding  impermeability,  shall  also  resist  the  chemical  reactions  between 
the  soil  and  water  and  the  cement. 

What  is  good  construction  under  these  conditions? 

It  seems  to  the  writer  that  the  engineer,  under  these  conditions, 
first  has  to  extend  materially  the  field  of  his  investigations  before  out- 
lining plans.  The-character  of  the  soil,  and  of  the  water  passing'  over 
the  soil  and  to  be  transported  over  the  structure,  must  be  thoroughly 
analyzed.  Then,  to  the  physical  problem,  similar  analytic  considera- 
tion must  be  taken  of  the  materials  used  as  concrete  aggregates — the 
sand,  the  gravel,  and  the  water. 

On  that  feature,  the  following  is  quoted  from  Mr.  Jewett's  paper: 

"In  the  case  of  the  sand  used  on  the  Reclamation  Service  project 
above  mentioned,  the  engineers  reported  that  there  were  evidences  that 
this  sand,  which  was  the  only  supply  readily  available,  contained  alkali 
or  some  substance  making  it  chemically  active  and  assisting  in  the  dis- 
integration of  the  concrete.  A  chemical  analysis  of  this  sand  was  there- 
fore obtained  and  resulted  as  follows : 

Per  Cent. 

"Silica   (Si   O2) 67.03 

Alumina  (AI2  O3) 6.85 

Ferric  oxide   (Fe2  O3) 2.50 

Manganese  oxide  (Mn  O) 02 

Lime   (Ca  O) 10.72 

Magnesia  (Mg  O) 1.72 

Sulphuric  anhydride   (SO3) Trace. 


Alkalis.       "^r'^  ^   ..^ 


(  Soda  (Na^  O) 1.74 

I  Potassa  (K^  O) 1.51 

Water  at  100°   C 14 

Ignition    loss 8.16 

Total 100.39 

"This  sand  gives  excellent  results  from  physical  tests  but  since,  as 
will  be  seen  from  the  above  analysis,  the  alkali  content  is  about  3  per 
cent,  which  would  correspond  to  about  15  to  20  per  cent,  of  feldspathic 
material  and  that  it  also  contains  a  considerable  i)ercentage  of  lime- 
stone, it  is  altogether  possible  that  this  sand  would  be  more  readily 
acted  on  by  the  influences  tending  to  disintegrate  the  concrete  than  a 
sand  of  a  more  highly  silicious  nature." 

It  is  extremely  likely  that  similar  conditions  will  be  found  in  most 
of  the  sands  and  gravels  available  in  the  arid  regions  where  alkali  is 
known  to  exist. 
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There  is  no  occasion  for  elaboration  on  the  care  required  in  the  selec- 
tion of  water  for  use  in  mixing  concrete.  It  is  quite  well  known  that 
the  ground-  and  drain-waters  in  most  of  these  districts  are  largely 
impregnated  with  alkali;  that  is  discernible  without  chemical  analysis, 
and  is  particularly  true  in  the  lower  reaches  of  irrigated  valleys,  where 
most  of  the  waters  are  drain-waters,  consisting  of  the  concentrated 
essence  of  alkali  from  the  irrigation  and  drainage  of  the  upper  valleys. 
Prior  to  the  introduction  of  the  gravity  system  at  Greeley,  for  instance, 
the  domestic  supply  from  underground  galleries  contained  as  much  as 
1  800  parts  of  hardness,  and,  it  may  be  added,  the  water  used  in  mixing 
the  concrete  at  the  Loveland  work  referred  to,  was  obtained,  not  from 
the  drainage  of  the  tunnel,  but  from  the  town  supply  withdrawn  from 
the  river  inside  the  foot-hills. 

If  the  action  of  the  alkali  salts  in  the  water  surrounding  a  concrete 
mass  can  have  the  destructive  effect  shown  in  the  various  instances 
quoted,  it  is  certain  that  the  incorporation  of  such  water  in  the  aggre- 
gate cannot  be  other  than  injurious. 

Beyond  extra  care  in  the  materials,  and  the  production  of  a  dense 
mass,  there  is  no  room  to  doubt  the  advisability  of  effective  drainage 
around  the  structure. 

Professor  Headden,  in  Bulletin  No.  72,*  speaking  of  the  alkali  lands 

in  the  Poudre  Valley,  said : 

"I  am  convinced  that  the  only  question  of  alkali  that  we  have 
resolves  itself  into  one  of  drainage,  and  beyond  this,  there  is  no  alkali 
question  for  us." 

It  would  be  too  much  to  hope  that  the  drainage  around  structures 
would  as  effectively  solve  the  difficulty  of  alkali  in  contact  with  concrete, 
but  it  will  aid  in  resisting  the  action  of  the  agencies  at  operation. 

It  is  not  possible,  however,  in  all  cases  to  provide  such  drainage  as 
would  be  effective,  and  beyond  all  that — beyond  the  external  application 
and  the  possible  incorporation  of  an  impervious  coating  in  the  mass 
itself — it  seems  to  the  writer  that  there  must  be  added  to  it  or  in  it, 
in  some  form,  agencies  which  will  counteract  the  effect  of  these  ap- 
parently well-recognized  chemical  elements  which  bring  destruction; 
and  that  must  be  left  to  the  chemist,  on  whose  province  the  writer  has 
probably  encroached  too  far,  and,  apparently,  with  only  a  speaking 
acquaintance  with  that  science. 

*  Montana  Agricultural  Experiment  Station. 
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It  has  been  the  writer's  purpose  to  bring  the  subject  to  the  attention 
of  the  members,  with,  perhaps,  the  selfish  motive  of  eliciting  discussion 
and  enlightenment  on  a  subject  on  which  he  is  looking  for  light  and 
guidance,  in  a  continued  consideration  of  what  seems  to  be  one  of  the 
most  important  subjects  than  can  secure  the  attention  of  Western 
engineers,  at  this  time.  The  writer  is  aware  that  there  are  others  who  are 
far  more  competent  to  treat  this  subject  learnedly  and  practically,  and 
will  be  content  if  his  efforts  have  been  sufficient  to  draw  from  them  the 
knowledge  and  enlightenment  which  they  possess. 
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I3ISOUSSION 


K.  A.  Hart,  Esq.*  (by  letter). — The  action  of  alkaline  waters  on  Mr. 
Portland  cement  was  brought  to  the  writer's  attention  in  August,  1908,  ^^^' 
by  the  discovery  of  the  deterioration  of  some  cement  drain  tile  which 
had  been  placed  in  a  field,  in  Sevier  County,  Utah,  during  February 
of  that  year. 

The  tile  were  well  made  and  well  seasoned,  and  in  good  condition 
when  placed  in  the  ground.  Utah  Portland  cement  was  used,  one  part 
of  cement  being  gauged  with  five  parts  of  an  aggregate  of  sand  and 
small  gravel.  The  tile  were  stored  in  a  shed  and  kept  damp  for  two 
months  previous  to  laying. 

After  five  months,  the  tile  were  in  an  advanced  stage  of  decom- 
position, and  it  was  possible  to  scrape  a  hole  through  their  walls  with 
an  ordinary  pocket  knife;  pieces  of  the  tile  could  be  crumbled  in  the 
hands.  The  material  was  saturated,  and  had  the  appearance  and  con- 
sistency of  fresh  lime  mortar,  except  on  the  very  surface,  where  there 
was  a  greater  percentage  of  cement. 

The  water  flowing  from  the  drain  was  highly  impregnated  with 
the  salts  of  various  alkalis,  and  this  fact  seemed  to  offer  a  possible 
explanation  of  the  deterioration.  As  very  little  information  was  to  be 
had,  at  that  time,  concerning  the  destructive  influence  of  alkalis,  it 
was  decided  to  make  some  laboratory  experiments  to  determine  which 
of  the  alkaline  salts  was  doing  the  damage,  and,  if  possible,  to  devise 
methods  of  preventing  it.  The  chief  salts  of  interest  in  drainage 
investigations  are  the  chloride,  carbonate,  and  sulphate  of  sodium,  and 
it  was  with  solutions  of  these  that  the  experiments  were  made. 

The  experiments  were  conducted  in  the  Mechanical  Laboratory  of 
the  University  of  Utah,  and  the  methods  proposed  by  the  Special  Com- 
mittee on  Uniform  Tests  of  Cement,  of  the  American  Society  of  Civil 
Engineers,  were  generally  used.  All  the  equipment  was  of  standard 
type,  and  the  best  materials  were  used  (standard  Ottawa  sand  in  the 
sand  briquette  tests). 

Several  series  of  tests  were  made,  and  each  final  result  shows  the 
average  obtained  from  five  separate  experiments. 

The  first  series  was  a  determination  of  the  setting  periods  of  pats 
of  neat  cement  gauged  with  solutions  of  the  three  sodium  salts, 
chloride,  carbonate,  and  sulphate,  each  in  four  different  strengths, 
0.1%,  1.0%,  5.0%,  and  10.0%,  and  with  tap-water. 

Test  I  (shown  in  Table  1)  shows  the  results  of  this  series.     Very 

little  effect  in  the  period  of  set  is  made  by  the  addition  of  sodium 

chloride,  except  in  the  case  of  the  10.0%  solution.     The  results,  in  the 

case  of  sodium  carbonate,  however,  are  very  marked,  both  the  initial 

*  Asst.  Drainage  Engr.,  Bureau  of  Drainage  Investigations,  U.  S.  Dept.  of  Agriculture. 
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Mr.  and  final  sets  being  delayed  in  those  pats  gauged  with  a  0,1%  solution, 
^^^^-  while  the  stronger  solutions  cause  a  remarkable  expedition.  Special 
attention  is  called  to  the  period  of  initial  set  of  Pat  9,  which  was 
6  min.,  as  against  3  hours  and  39  min.  for  the  water-gauged  pat. 
Careful  examination  showed  that  the  set  was  genuine,  and  not  merely 
a  crystallized  surface  film.  This  rapid  set,  instead  of  resulting  in  a 
weakening  of  the  cement,  has  the  contrary  effect,  to  a  remarkable 
degree. 

The  second  series  is  a  determination  of  the  tensional  strength  of 
neat-cement  briquettes,  gauged  with  solutions  of  chloride,  carbonate, 
and  sulphate  of  sodium,  in  strengths  of  0.1%,  1.0%,  5.0%,  and  10.0%, 
and  with  water,  and  then  stored  in  water  for  various  periods  of  time. 
The  results  are  shown  in  Table  1. 

Test  II  shows  that  at  the  end  of  24  hours  the  presence  of  chloride 
and  carbonate  causes  an  increase  in  the  tensional  strength,  which  is 
not  true  of  the  sulphate,  except  in  the  case  of  the  10.0%  solution. 

In  Tests  III,  IV,  and  V,  the  changes  show  less  definition,  but  it 
seems,  in  general,  that  the  water-gauged  briquettes  are  a  little  stronger 
than  those  gauged  with  alkaline  solutions,  except  in  the  case  of  the 
stronger  sulphate  mixtures.  In  one  or  two  instances,  the  1.0%  solutions 
of  chloride  and  carbonate  give  higher  results. 

In  the  third  series  of  experiments  some  remarkable  phenomena 
are  encountered.  This  series  is  a  determination  of  the  tensional 
strength  of  neat  cement  briquettes,  gauged  with  water,  and  stored  in 
solutions  of  chloride,  carbonate,  and  sulphate  of  sodium,  in  strengths 
of  0.1%,  1.0%,  5.0%,  and  10.0%,  and  in  water,  for  various  periods  of 
time.    The  results  are  shown  in  Table  2. 

The  results  of  Test  VI  indicate  an  increase  of  tensional  strength, 
with  an  increase  of  solution  strength  up  to  10.0%,  when  there  is  a 
falling  off. 

The  same  is  shown  in  Test  VII  for  27  days,  except  in  the  case 
of  the  sulphates,  in  which  the  10.0%  solution  gives  the  highest  ten- 
sional strength. 

Test  VIII  shows  less  uniformity  of  results,  but  the  enormous 
strength  of  the  briquettes  stored  in  the  stronger  sulphate  solutions 
should  be  noted.  Some  of  the  briquettes  resisted  a  tension  of  1  400  lb. 
per  sq.  in. 

So  far,  no  particularly  harmful  results  had  occurred  from  the 
presence  of  alkali,  but  in  the  fourth  series,  in  which  sand  briquettes 
were  used,  the  effect  was  marked.  In  this  series,  one  part  of  cement 
was  mixed  with  two  parts  of  standard  (Ottawa)  sand  and  gauged  with 
water  and  then  stored  in  solutions  of  sodium  chloride,  carbonate,  and 
sulphate.  Only  one  test  has  been  run  in  this  series,  which  covers  28 
days.    The  results  are  shown  in  Table  2.  v 
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In  Test  IX  the  results  are  not  as  uniform  as  in  the  case  of  neat  Mr. 
cement  briquettes,  as  might  well  be  expected.  They  indicate,  however,  ^^^^' 
that  there  is  very  little  weakening  in  the  case  of  briquettes  stored  in 
solutions  of  chloride  and  carbonate,  but  that  there  was  a  remarkable 
weakening  in  the  case  of  those  stored  in  sulphate  solutions.  The 
tensional  strengths  decrease  as  the  solution  strength  increases.  The 
briquettes  stored  in  water  had  a  strength  of  448  lb.  per  sq.  in.,  those 
stored  in  a  0.1%  solution  of  sodium  sulphate,  441  lb.  per  sq.  in.,  while 
those  stored  in  a  10.0%  solution  broke  at  58  lb.  per  sq.  in.  The 
appearance  of  these  latter  briquettes  was  much  the  same  as  that  of 
the  tile,  and  they  could  be  crumbled  in  the  hands. 

These  results,  although  meager,  seemed  to  indicate  that  sodium 
sulphate  was  the  deteriorating  factor,  and  that  its  effect  was  on  the 
bond  between  the  cement  and  the  sand.  This  being  true,  it  was  felt 
that  the  solution  of  the  second  part  of  the  problem  was  to  render  the 
cement  impervious  to  water.  It  was  decided  to  start  experiments  with 
that  end  in  view,  before  any  more  tests  of  the  action  of  the  alkalis 
were  made. 

Obviously,  the  mere  coating  of  the  surface  of  a  concrete  structure 
would  not  be  satisfactory,  as  the  least  scratch  in  such  a  coat  would 
render  the  whole  structure  open  to  destruction.  The  real  solution  lay 
in  actually  water-proofing  the  cement  itself. 

With  this  in  view,  a  water-proofing  mixture  was  secured  from  a 
St.  Louis  concern,  and  a  fifth  series  of  tests  was  run.  It  was  impossible 
to  obtain  the  mixture  alone,  but  a  water-proofed  Eastern  cement  was 
furnished.  The  local  cements  are  stronger,  in  general,  and  this  fact 
accounts  for  the  apparent  discrepancy.  In  this  series  the  water-proofed 
cement  was  mixed  with  standard  (Ottawa)  sand  in  a  proportion  of 
1  to  2,  and  gauged  with  water,  then  stored  in  solutions  of  chloride, 
carbonate,  and  sulphate  of  sodium  for  various  periods  of  time.  Only 
one  set  of  tests  has  been  completed  at  the  present  time,  the  results  of 
which  are  shown  in  Table  2. 

In  Test  X  the  results  are  not  as  uniform  as  in  the  case  of  the  neat 
cement  briquettes,  but  they  show  pretty  conclusively  that  there  is  no 
serious  deterioration  after  three  months. 

Since  these  experiments  were  begun.  Bulletin  69  of  the  Montana 
Agricultural  College  and  Bulletin  132  of  the  Colorado  Agricultural 
College,  have  been  received.  These  bulletins  corroborate  many  of  the 
writer's  observations,  but  approach  the  question  from  different  angles. 

These  experiments  are  being  continued  by  the  writer,  and  are  being 
extended  to  include  a  study  of  the  effect  of  the  waters  of  the  Great 
Salt  Lake,  which  contain  a  large  percentage  of  alkaline  salts. 

The  foregoing  results  are  submitted  for  whatever  they  may  be 
worth,  and  no  discussion  will  be  attempted  by  the  writer. 
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Mr.  KuDOLPH  Hering,  M.  Am.  Soc.  C.  E. — This  paper  is  very  timely, 

ering.  ^^^  only  in  calling  prominent  attention  to  the  subject,  but  in  giving 
some  preliminary  conclusions  which  appear  to  the  speaker  to  be  along 
the  right  lines. 

The  destructive  effect  of  alkali  may  be  traced  partly  to  alkaline 
ground-waters  coming  in  contact  with  a  concrete  structure,  and  partly 
to  alkaline  waters  which  may  be  conveyed  in  a  concrete  channel.  In 
both  cases,  however,  there  is  a  water  contact. 

The  effect  of  acid  upon  concrete  is  more  complex,  and  is  not  alluded 
to  by  the  author.  There  are  cases  where  an  acid  water  or  an  acid 
sewage  has  destroyed  a  cement  structure  by  contact,  and  also  cases 
where  such  a  contact  in  no  way  injured  the  structure,  but  where  serious 
injury  has  been  caused  by  gases  above  the  waters  after  escaping 
from  them;  so  that,  in  one  case,  the  cement  has  deteriorated  only 
below  the  water  surface,  and  in  the  other  it  has  deteriorated  only 
above  it. 

The  great  usefulness  of  cement  for  water-carrying  works,  or  for 
foundations  in  ground-water,  makes  it  quite  important  and  almost 
imperative  to  find  ways  and  means  of  guarding  against  its  destruction 
by  either  alkali  or  acid,  and  there  is  no  doubt  that,  at  no  very  distant 
day,  the  subject  will  become  sufficiently  well  understood  for  all  practical 
purposes. 

In  the  meantime  engineers  should  become  acquainted  with  the 
facts  of  experience  already  known,  and  the  author  has  done  r.  good 
work  in  collating  some  of  them. 

The  engineer  and  chemist  reporting  on  the  sewer  case  at  Great 
Falls,  Mont.,  distinctly  conclude  that  "the  disintegration  of  the  cement 
cannot  be  charged  to  any  action  of  the  sewage  or  gases  from  the  same." 
The  speaker  will  refer  to  the  effects  of  sewage  later. 

Experiences  recorded  in  Montana,  Colorado,  and  Europe  indicate 
pretty  satisfactorily  that  cement  can  be  completely  destroyed  by 
alkaline  or  acid  waters  coming  in  contact  with  it.  Even  soft  bricks 
seem  to  have  been  affected,  but  no  final  explanation  is  offered.  As  the 
same  results  have  followed  the  use  of  quite  different  brands  of  cement, 
and  in  different  countries,  it  may  be  concluded  that  the  destroying 
cause  is  a  broader  one. 

Evidence  points  strongly  to  the  fact  that  the  porosity  of  the  material 
aggravates  the   evil.     The  mortars   used  were  generally   mixed   from 
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1 :  3  to  1 :  5,  which  indicates  a  sufficient  porosity  to  allow  alkaline  water     Mr. 
to  enter  by  capillarity,  and,  if  under  some  pressure,  as  from  ground-  ^®""^- 
water  standing  higher  than  the  drain,  to  pass  through  the  material 
into  the  drain. 

The  deterioration  is  generally  greater  the  more  porous  the  mortar, 
as  often  found  in  the  interior  of  the  mass,  while  at  the  surface  the 
cement  often  forms  a  firmer  and  richer  coating,  and  is  very  little  if  at 
all  affected,  unless  there  is  merely  a  white  alkaline  efflorescence. 

These  conditions  are  quite  consistent  with  the  conclusion  that  the 
surface  layers,  through  plastering  and  troweling,  have  been  com- 
pressed and  have  had  their  porosity  decreased  as  the  layers  were  made 
denser.  The  absorption  of  alkaline  waters,  and  therefore  their  detri- 
mental effect,  is  correspondingly  reduced. 

Evidence  is  available  at  Great  Falls  showing  that,  where  the  soil 
in  the  back-filling  over  a  drain  had  the  highest  percentage  of  alkali, 
the  greatest  destruction  took  place.  It  is  also  recorded  that  the  waters 
flowing  in  a  drain  are  generally  less  alkaline  than  the  adjacent  ground- 
waters, which  fact  is  supposed  to  be  probably  due  to  the  waters  entering 
the  drain  having  had  less  time  to  take  up  alkaline  solutions  than  the 
more  slowly  percolating  or  standing  waters  in  the  soil  outside  of  it. 

The  author  recommends,  where  practicable,  an  exclusion  of  the 
alkaline  soil-waters  from  a  cement  drain  or  sewer  by  a  sub-drain  of 
gravel  or  stone,  which,  also,  in  the  speaker's  opinion,  appears  to  give 
the  best  and  cheapest  solution. 

Professor  William  P.  Headden,  of  the  Colorado  Agricultural 
College,  has  given  a  chemical  analysis  of  the  original  cement  and  of 
the  material  after  it  had  been  altered  by  alkaline  water.  This  is 
interesting,  as  it  shows  the  removal  of  some  and  the  formation  of  other 
ingredients,  as  follows : 

Removed :  about  two-thirds  of  the  alumina (AlgO^) 

about  one-half  of  the  silica (SiOg) 

about  one-half  of  the  lime (CaO) 

about  one-half  of  the  iron  oxide (Fe^O^) 

Formed:     about  12  times  the  sulphuric  acid (SO3) 

about    9  timesi  the  carbonic  acid (COg) 

about     3  times  the  magnesia (MgO) 

This  shows  a  large  accession  of  sulphuric  and  carbonic  acids,  and 
the  conclusion  to  be  drawn  from  this  alteration  is  that  the  most  active 
agent  in  the  decomposition  of  the  concrete  was  the  sulphuric  acid  of 
the  sulphates  carried  by  the  waters  in  solution,  that  the  carbonic  acid 
came  next,  and  the  accession  of  magnesia  last.  This  result  corresponds 
in  general  with  others  derived  elsewhere. 

It  has  been  known  for  some  time  that  sea  water  has  deteriorated 
cement  by  the  action  of  the  sulphates  contained  in  it,  chiefly  by  the 
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Mr.  final  formation  of  calcium  sulphate,  which  by  crystallization  expands 
and  mechanically  disintegrates  the  mass.  The  precaution  usually 
considered  is  the  making  of  a  denser  and  richer  mixture  in  order  to 
prevent  the  sea  water  from  penetrating  the  mass,  which  conclusion  is 
in  harmony  with  that  reached  by  the  author  and  others  for  protection 
against  alkaline  ground-waters. 

The  only  other  preventive  seems  to  be  that  which  is  intimated  by 
the  author  in  closing,  namely,  the  external  application  and  a  partial 
incorporation  of  some  impervious  coating.  Many  coatings  have  been 
suggested  to  effect  this  purpose,  and  some  have  been  used  with  moderate 
success ;  but,  as  yet,  there  is  no  consensus  of  opinion  regarding  the  best. 

No  doubt  different  coatings  may  probably  be  found  best  under 
different  conditions.  Manufactured  and  thoroughly  dried  cement  pipe 
may  perhaps  be  coated  with  a  material  which  would  give  satisfaction, 
but  would  not  answer  for  a  pipe  made  in  the  trench.  The  only  coating 
which  will  give  permanent  satisfaction  is  one  which  will  be  effective 
upon  a  damp  structure,  and  will  incorporate  itself  so  thoroughly  with 
the  cement  that  peeling  or  scaling  off  is  impossible.  It  is  hoped  that 
such  a  material  may  soon  be  found.  A  lining  composed  of  vitrified 
tile  plates  has  been  proposed  for  the  purpose  in  the  West,  and,  thus 
far,  barring  the  expense,  it  appears  to  have  given  satisfaction. 

The  speaker  has  mentioned  the  effect  of  acid  upon  concrete  struc- 
tures as  being  complex,  so  far  as  it  is  governed,  not  only  by  an  acid 
in  the  liquid,  but  by  gases  subsequently  arising  from  it.  An  acid 
liquid,  as  in  the  case  of  the  sewage  sometimes  discharged  from 
factories,  is  known  to  disintegrate  cement  pipe.  The  preventive,  as  in 
the  former  case,  if  practicable,  is  to  exclude  the  objectionable  element, 
or  to  give  the  cement  a  protective  coating  or  lining. 

The  effects  of  the  gases  produce  an  entirely  different  condition. 
The  most  serious  of  these  is  that  of  the  sulphuretted  hydrogen  which 
may  be  converted  into  sulphuric  acid  in  the  sewer  above  the  water,  and 
in  some  cases,  as  found  in  a  Los  Angeles  sewer  by  the  City  Engineer, 
Homer  Hamlin,  M.  Am.  Soc.  C  E.,  sulphur  crystals  adhere  to  the 
bricks  of  which  the  sewer  was  built. 

The  Los  Angeles  sewage  produced  nc  deterioration  of  the  cement 
below  the  water  surface,  the  speaker  finding  it  hard  and  sound.  This 
condition  differed  radically  from  the  effects  of  alkaline  sewage  where 
the  deterioration  was  chiefly  below  the  water  surface.  The  escaping  sul- 
phuretted hydrogen  was  converted  into  sulphuric  acid  within  a  short 
distance  of  its  escape  from  the  sewage,  as  was  distinctly  discernible  on 
the  surface  of  the  brickwork  in  the  arch.  This  acid  transformed  the 
carbonate  of  lime  in  the  cement  joints  into  sulphate  of  lime,  a  soft 
friable  gypsum,  which  gradually  caused  the  complete  destruction  of  the 
binding  quality  of  the  mortaT. 
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In  this  case,  no  doubt,  a  good  forced  ventilation  might  have  pre-     Mr. 
vented  the  formation  of  sulphuric  acid,  or  the  sewer  might  have  been    ®""^' 
given  a  vitrified  lining,  or  at  some  time  it  may  be  possible  to  apply  a 
coating  which  will  protect  sewers  from  this  sort  of  destruction.     In 
Los  Angeles,  for  other  reasons,  the  sewer  was  abandoned  for  one  built 
in  another  locality. 

Some  interesting  experience  in  this  direction  is  reported  from 
Germany. 

In  a  Berlin  brick  sewer,  where  the  mortar  was  a  1 :  3  mixture, 
flakes  up  to  i  in.  in  thickness  and  2  in.  in  diameter  peeled  off  the 
bricks.  The  thickest  peeling  was  at  the  cement  joints.  Upon  the 
mortar  was  observed  a  soft  white  material  (gypsum)  looking  like 
freshly  made  lime  mortar.  Below  the  water  level,  the  mortar  and  the 
bricks  were  sound,  as  they  were  in  the  Los  Angeles  case. 

To  ascertain  the  cause  of  this  trouble,  experiments  were  made  by 
hanging  in  the  sewer,  well  above  the  water  level,  samples  of  three 
materials:  marble,  cement  mortar,  and  pulverized  carbonate  of  lime. 
The  results  are  given  in  Table  3. 

TABLE  3. 


Percentage  of  SO  3. 

Sample. 

When  suspended  in 
sewer  air. 

W^hen  observed. 

May,  1897. 

Jan.,  1898. 

May,  1901. 

Marble 

November,  1896 
February,    1897 

0.019 
0.116 
0.010 

0.051 
0.200 
0.048 

0.420 
0.440 
1.440 

Cement  mortar 

0  640 

Carbonate  of  lime 

2.760 

It  was  found  that  the  sulphuric  agid  contents  in  these  materials 
were  increased  in  quantity,  as  follows: 

In  the  marble,  in  14  months,  about  20  times; 

In  the  cement  mortar,  in  11  months,  about  4  times; 

"      "  "  "         in  4  years,  about  6  times; 

In  the  carbonate  of  lime,  in  3  months,  about  5  times; 

"      "  "  "       "       in   11   months,    about   140   times; 

"      "  "  "       "       in  4  years,  about  250  times. 

In  the  summer  of  1901  an  analysis  of  the  sewer  air  gave  200  parts 
in  volume  of  sulphuretted  hydrogen  per  million  parts  of  air,  which 
was  considered  an  average  condition. 

At  the  sewage  department  of  Charlottenburg  (Berlin),  equal  parts 
of  sulphuretted  hydrogen  and  air  were  passed  through  cotton  at  a 
temperature  of  30°  cent.  (85°  Fahr.).  Water  was  then  filtered  through 
it,  and  the  presence  of  sulphuric  acid  was  demonstrated.    As  a  further 
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Mr.     demonstration,  a  thin  water  layer  covering  the  bottom  of  a  closed  bottle 
"°^'  and  containing  some  fine  sulphur  powder  suspended   in  it,  on  being 
exposed  to   a  temperature  of   from  20°   to   30°    cent,   for  two  weeks, 
showed  a  strong  reaction  of  sulphuric  acid. 

That  sulphur  is  formed  directly  from  sulphuretted  hydrogen  is 
shown  by  the  fact  that  sulphuretted  hydrogen  when  dissolved  in  water 
frequently  shows  sulphur  powder  on  the  surface  formed  by  oxidation 
(HoS  +  O  =  H2O  +  S) ;  and  very  fine  sulphur  powder  exposed  to  air 
and  water  is  known  to  be  directly  converted  into  sulphuric  acid 
(S  +  30  +  H^O  =  H2  SO4). 

The  Berlin  examinations,  therefore,  give  a  confirmation  of  and  an 
explanation  for  the  Los  Angeles  case.  The  sulphuretted  hydrogen 
escaping  from  the  sewage  rises  to  the  brick  arch,  which  has  a  coating 
of  moisture  condensed  upon  the  surface.  The  air  converts  it  first  into 
sulphur,  and  this  is  subsequently  converted  into  sulphuric  acid. 

It  had  been  suspected  that  bacterial  action  was  responsible  for  the 
latter  conversion,  but  Winogradski,  in  his  work  on  "Sulphur  Bacteria," 
reports  that  he  obtained  the  same  result  without  it. 

It  is  interesting  to  add  that  in  1897,  when  the  foregoing  experi- 
ments began,  the  bricks  were  also  subjected  to  analysis.  The  porosity 
was  found  to  vary  from  8.5  to  14.3%  in  bricks  of  different  manu- 
facture. All  bricks  showed  on  the  surface  white  exudations  of  carbon- 
ate of  lime,  but  they  were  very  slight  upon  the  densest  and  very  marked 
upon  the  most  porous  brick,  and  in  the  latter  case  the  pieces  could  be 
easily  taken  off  with  a  knife. 

This  phenomenon  is  explained  by  Bretschneider  as  follows:  From 
the  layer  of  moisture  on  the  brick  the  sulphuric  acid  enters  the  pores 
and  is  diffused  by  capillarity  through  fine  cracks  and  the  pores  into 
the  interior  of  the  mass.  It  converts  the  lime  into  gypsum,  which  by 
this  conversion  is  doubled  in  volume.  Unless  the  material  of  the 
brick  can  resist  the  resulting  expansion,  when  some  of  the  gypsum 
oozes  out  to  form  a  coating,  it  cracks  and  peels  off,  as  above  mentioned, 
to  the  depth  to  which  the  sulphuric  acid  has  formed  the  gypsum. 

It  has  been  observed  that  the  destruction  of  mortar  does  not 
progress  in  an  arithmetical  ratio,  but  gradually  decreases,  as  indi- 
cated in  Table  3.  This  is  partly  explained,  also  by  Bretschneider,  by 
the  increased  ventilation  through  additional  house  connections,  which 
in  Germany  are  used  as  sewer  ventilators,  the  greatest  destruction 
taking  place  where  there  were  fewest  connections.  Secondly,  he  be- 
lieves that  the  percolation  of  ground-M^ater  through  the  sewer  masonry 
gradually  decreases  by  a  closing  of  the  pores  on  the  extrados  of  the 
arch,  and  finds  that  the  surface  of  the  bricks  on  the  interior  thus 
becomes  dry  and  the  formation  of  sulphuric  acid  ceases. 

In  Osnabruck,  Prussia,  a  sewer  was  built  in  peaty  ground  in  1903, 
the  ground-water  level  standing  about  at  the  springing  line.    In  half 


DISCUSSION    ON    THE    EFFECT    OF    ALKALI    ON    CONCRETE        597 

a  year  signs  of  destruction  were  visible,  and  within  several  years  it  Mr. 
became  serious.*  The  cause  of  the  disintegration  was  laid  to  iron  ^"°^' 
pyrites  (FeSg)  which  formed  17%  of  the  peat.  The  greatest  destruc- 
tion was  found  on  the  outside  of  the  sewer  and  between  high  and  low 
ground-water  level,  which  is  explained  by  the  fact  that  the  conditions 
for  an  energetic  oxidation  were  most  favorable  when  both  air  and 
water  were  present  at  the  same  time.  The  least  destruction,  in  fact, 
almost  none,  was  observed  in  the  interior. 

This  case  is  explained  by  some  as  being  due  to  the  pyrites  being 
oxidized  in  contact  with  air  into  free  sulphuric  acid  (SO3)  and  sul- 
phate of  iron  (FeSO^),  and  by  the  further  fact  that  the  ground-water 
contained  from  8  to  87  parts  per  million  of  free  sulphuric  acid. 

The  same  case  is  explained  differently  by  Bretschneider.  He  main- 
tains that  the  destruction  of  the  cement  mortar  required  that  a  suffi- 
cient amount  of  sulphuric  acid  should  form  directly  upon  and  in  the 
structure,  and  believed  the  acid  dissolved  in  the  ground-water  was  too 
weak  for  the  purpose.  He  assumed  that  the  sulphuretted  hydrogen 
contained  in  the  ground-water,  which  is  abundant  in  the  peat,  rises 
into  the  pores  of  the  damp  soil  around  the  structure,  and  is  there  first 
converted  into  sulphur,  as  above  mentioned,  and  then,  after  being 
exposed  to  more  air  and  more  moisture,  there  is  a  further  conversion 
into  sulphuric  acid,  when  adjoining  the  structure  or  when  absorbed 
into  the  same.  It  will  be  seen  that  in  Osnabruck,  the  disintegration 
resulted  from  acid  peaty  water  and  also  from  sulphuretted  hydro- 
gen gas. 

Structures  in  Charlottenburg  have  been  protected  against  injury 
from  sulphuric  acid  and  other  organic  acids  in  peat  or  similar  soils 
by  a  complete  covering  of  three  layers  of  asphalt  paper. 

The  foregoing  data  seem  to  indicate  the  following  inferences: 

1. — When  the  immediate  agent  of  destruction  is  carried  by  water, 
disintegration  will  be  found  below  the  permanent  water  surface.  If 
such  water  is  flowing  inside  of  a  structure,  as  in  a  sewer  (acid  or 
alkali  factory  waste),  the  disintegration  will  be  inside  and  as  far  as 
the  water  penetrates  the  material.  If  the  water  is  ground-water  in 
alkali  soil,  swamp  or  peat,  the  disintegration  will  be  on  the  outside 
(Great  Falls  and  Osnabruck),  and  chiefly  between  high  and  low 
ground-water  levels,  and  may  penetrate  porous  material  toward  the 
inside  of  the  structure. 

2. — When,  on  the  other  hand,  the  agent  of  destruction  is  caused  by 
gases  (generally  sulphuretted  hydrogen)  arising  from  waters,  whether 
on  the  outside  (Osnabruck)  or  the  inside  (Los  Angeles  and  Berlin)  of 
a  structure,  the  •  disintegration  will  take  place  above  the  permanent 
water  surface. 

*  City  Engineer  Lehmann,  in  Deutsche  Bauzeitung,  1908,  p.  467. 
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Mx.  Richard  L.  Humphrey,  M.  Am.  Soc.  C.  E. — This  subject  is  exceed- 

ingly interesting,  particularly  as  it  concerns  apparently  the  stability  of 
those  great  structures  which  are  being  executed  under  the  direction  of 
the  United  States  Reclamation  Service  in  the  West.  The  subject, 
however,  is  not  a  new  one.  Investigations  of  the  effect  of  alkali  on 
concrete  and  other  structural  materials  have  been  in  progress  for  many 
years,  especially  in  Europe,  where  they  were  inaugurated  30  or  40 
years  ago.  Recently,  the  investigations  at  Great  Palis,  Mont.,  by  the 
Montana  State  Agricultural  College,  have  given  a  fresh  impetus  to 
the  study  of  alkali  action.  The  United  States  Geological  Survey 
became  interested,  and  in  co-operation  with  the  Reclamation  Service 
and  other  investigators,  undertook  a  systematic  investigation. 

It  has  been  the  speaker's  good  fortune  to  visit  the  various  districts 
referred  to  by  the  author,  as  well  as  the  places  in  Europe  mentioned 
by  Mr.  Hering.  While  the  investigations  by  the  Geological  Survey 
cover  all  portions  of  the  Reclamation  Service  work,  they  are  being 
particularly  directed  to  those  in  the  vicinity  of  Great  Ealls,  Mont., 
the  only  ones,  thus  far,  which  have  furnished  examples  of  the  deleteri- 
ous action  of  alkali  on  various  building  materials. 

In  studying  the  conditions  in  those  districts  where  alkali  action 
has  produced  destructive  results,  it  has  been  the  practice  first  to  make 
an  analysis  of  the  water  used  in  irrigation  work,  of  the  materials  used 
in  construction  work,  of  the  soil,  and  of  the  various  efflorescences  to  be 
found  on  the  soil  and  on  the  structure  attacked,  the  object  being  to 
determine  the  salts  present  and  then  to  study  the  effect  of  individual 
salts  and  of  mixtures  of  several  salts,  on  the  various  structural 
materials.  The  investigation  has  for  its  object  an  attempt  to  repro- 
duce in  the  laboratory  the  destructive  effects  observed  in  the  field. 

Having  ascertained  the  salts  which  produce  this  destructive  action, 
and  the  conditions  under  which  it  can  take  place,  an  effort  will  be  made 
to  discover  some  means  by  which  it  may  be  prevented,  either  by  (1) 
neutralization,  that  is,  by  the  admixture  of  some  substance  which  will 
prevent  the  action;  or,  (2)  insulation,  that  is,  by  the  application  of 
some  material  which  will  render  the  structure  immune. 

It  has  been  found  that  the  action  may  be  prevented  by  proper 
drainage,  and,  in  the  case  of  concrete,  by  securing  a  maximum  density 
and  giving  the  exposed  surfaces  a  granolithic  finish. 

The  speaker  is  of  the  opinion  that  Mr.  Hering  has  not  been  correctly 
informed  as  to  the  damage  in  the  districts  referred  to  by  the  author 
occurring  below  the  water  line.  He  is  fully  convinced  that  the  action 
occurs  at  the  ground-water  line,  and,  further,  he  believes  that  it  is 
largely  mechanical  and  the  result  of  rapid  evaporation  due  to  the 
extremely  dry  atmosphere.  The  water  used  for  irrigation  purposes 
does  not  affect  the  structures;  it  is  the  water  draining  through  the 
alkaline  soil  which  causes  the  damage.     The  speaker  has  found  that 
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the  alkali  action  is  confined  to  the  water  line,  there  being  no  indica-        Mr. 
tions   of  this  action  where  the  structure  is  wholly  submerged.     The  ^^^^P^^^^y- 
same  is  also  true  in  the  case  of  sea  water,  the  action  occurring  between 
tides.     This  is  especially  true  where  frost  action  has  occurred. 

In  the  first  experiments  made  by  the  Geological  Survey,  notwith- 
standing the  fact  that  very  porous  test  pieces  were  used,  with  the 
expectation  of  obtaining  rapid  action,  difiiculty  was  experienced  in 
securing  any  action;  but  when  the  test  pieces  were  subjected  to 
currents  of  warm  dry  air,  the  action  became  quite  rapid.  The  speaker 
believes  that  this  is  the  condition  which  prevails  in  the  arid  regions 
of  the  West;  the  rapid  evaporation  of  the  ground- water  (carrying  the 
alkalis  in  solution)  in  the  hot  dry  air  of  the  plains,  produces  a  rapid 
crystallization  which,  occurring  in  the  pores  of  the  structure,  results 
in  a  gradual  disintegration.  This  action  is  quite  similar  to  that  of 
frost.  Therefore,  the  speaker  is  of  the  opinion  that  while  this  action 
is  probably  both  chemical  and  mechanical,  it  is  largely  mechanical. 

Thus  far  the  waters  used  for  irrigation  purposes  have  not  shown  a 
deleterious  action  on  the  structures  with  which  they  have  come  in  con- 
tact. In  his  investigations  the  speaker  has  found  that  it  is  the  water 
which  percolates  through  the  soil,  and  becomes  saturated  with  the 
alkali,  which  causes  disintegration,  through  the  crystallization  result- 
ing from  rapid  evaporation.  These  conditions,  reproduced  in  the 
laboratory,  have  given  similar  results. 

This  action  is  not  confined  to  cement  structures  alone,  but  occurs 
in  those  of  stone  and  brick  as  well.  Generally,  it  is  found  where  the 
brick  or  stone  is  quite  porous,  and  has  a  high  absorption.  In  such 
structures  the  disintegration  occurs  at  the  ground  line  or  at  that  point 
above  it  which  marks  the  limit  of  capillary  action,  where  the  water 
evaporates. 

The  manner  in  which  the  work  on  the  various  Reclamation  projects 
has  been  executed,  has  been  referred  to  as  first-class.  As  far  as  the 
speaker's  investigations  have  extended,  this  has  been  found  to  be  true, 
but  attention  is  called  to  the  fact  that,  while  the  workmanship  is  first- 
class,  it  does  not  necessarily  follow  that  the  materials  used  have  been 
of  maximum  density.  It  is  found  that  one  essential  for  resistance 
to  alkali  action  is  that  Ihe  material  shall  have  a  minimum  absorption. 
Concrete,  therefore,  must  be  very  carefully  proportioned  in  order  to 
produce  the  densest  mass  possible.  It  is  also  believed  that  the  stronger 
the  concrete,  the  greater  is  its  resistance  to  the  action  of  alkali.  This 
condition  may  be  attained  by  rich  mixtures  and  by  age  in  the  concrete. 

It  is  not  always  practicable  to  maintain  ideal  conditions  which  will 
result  in  dense,  relatively  impervious  structures,  and  it  is  often  diffi- 
cult to  secure  the  density  desired,  but,  with  reasonable  care,  these  con- 
ditions may  be  fairly  well  maintained. 

In  connection  with  these  investigations  of  the  effect  of  alkali,  the 
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Mr.        Geological  Survey  is  also  studying  the  effect  of  the  action  of  sea  water 

Humphrey.  ^^  various  structural  materials.     For  this  purpose  a  special  laboratory 

has  been  established  on  Young's   Old  Ocean  Pier,  at  Atlantic  City, 

N.    J.,    where    various    cements    are    being    studied,    including    those 

reputed  to  possess  great  resistance  to  the  action  of  sea  water. 

The  preliminary  experiments  consist  in  agitating  the  dry,  un- 
hardened  cement  in  bottles  containing  sea  water  and  also  fresh  water, 
and  studying  the  change  in  the  composition  of  the  cement.  Thus  far, 
the  experiments  show  that  the  cement  gains  in  magnesia  content  and 
loses  in  lin:e  content.  This  is  also  true  of  hardened  cement  reduced  to 
a  powder  and  similarly  treated,  although  the  action  is  slower.  The 
action  on  large  test  pieces  of  hardened  concrete,  wholly  submerged,  or 
placed  so  as  to  be  submerged  only  at  high  tide,  is  also  being  noted. 

Where  concrete  is  deposited  in  moulds  through  sea  water,  the  dis- 
integrating action  is  very  great.  On  the  other  hand,  if  the  test  piece 
is  moulded  in  air  and  allowed  to  harden  for  some  hours  before  immer- 
sion in  sea  water,  there  appears  to  be  little  if  any  action,  provided  the 
concrete  is  properly  proportioned  so  as  to  secure  maximum  density. 
The  action  of  sea  water  seems  to  be  similar  to  that  of  the  alkalis. 

Attention  is  directed  to  a  certain  phase  of  this  question,  namely, 
that  when  one  considers  the  particular  cases  referred  to  by  the  author 
where  this  action  has  occurred,  the  subject  assumes  a  serious  aspect, 
and  one  loses  sight  of  the  fact  that  such  action  is  of  rare  rather  than 
of  common  occurrence. 

It  is  a  fact  that  many  structures  built  in  alkaline  soils  have  endured 
perfectly  for  many  years;  there  are  also  numerous  structures  which 
have  similarly  withstood  the  action  of  sea  water.  In  fact,  the  speaker, 
in  his  examination  of  structures  in  the  United  States  and  in  Europe, 
some  of  which  have  been  built  for  more  than  60  years,  has  found  but 
one  or  two  instances  where  such  action  appears  at  all  likely.  Invari- 
ably the  damage  has  been  the  result  of  bad  workmanship  or  poor 
materials.  There  is  no  doubt  that  the  character  of  the  workmanship 
is  an  important  factor  in  the  stability  of  structures  subjected  to  the 
action  of  the  alkalis  or  of  sea  water. 

Whether  or  not  a  material  will  be  discovered  which,  when  incor- 
porated in  the  cement  mixture,  will  prevent  this  destructive  action,  or 
whether  it  can  be  practically  applied,  is  problematical,  but  that  the 
structure  may  be  insulated  against  such  action,  seems  not  only  prob- 
able, but  also  feasible.  It  is  along  this  line  that  the  Geological  Survey 
investigations  are  directed.  These  investigations  have  not  progressed 
sufficiently  to  justify  any  attempt  at  conclusions,  and  these  facts  are 
presented  in  order  to  indicate  that  the  subject  is  being  carefully 
investigated,  and  to  state  that  it  is  expected  that  a  preliminary  report 
on  the  work  thus  far  accomplished  will  be  shortly  available. 

The  test  of  time,  after  all,  must  be  depended  on  for  conclusive 
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results,  and  is  essential  in  the  final  study.  The  speaker  was  impressed  Mr. 
by  the  fact  that  in  European  laboratories  similar  investigations  extend 
over  periods  of  many  years.  The  investigations  are  planned  so  that 
the  tests  will  be  continually  falling  due,  up  to  50  or  more  years.  This 
is  in  striking  contrast  to  American  practice,  where  short-time  tests 
are  the  rule. 

These  investigations  by  the  Geological  Survey  are  of  especial  value 
to  the  Government,  as  they  concern  the  stability  of  numerous  Federal 
structures  already  constructed,  and  the  dry  docks,  quay  walls,  and  other 
structures  either  under  construction  or  contemplated.  It  is  expected 
that,  as  a  result  of  the  investigations,  the  stability  of  structures  sub- 
jected to  such  action  can  be  assured.  The  preliminary  work  has  shown 
that,  where  reasonable  precautions  are  taken  to  secure  a  maximum 
density  in  the  concrete  and  to  allow  sufficient  time  for  hardening  before 
subjecting  it  to  the  action  of  alkalis  or  sea  water,  there  is  little  danger 
of  disintegration. 

The  speaker  desires  to  state,  for  the  information  of  Mr.  Morse, 
that  there  are  several  kinds  of  chats;  there  is  a  hard  chert  having  a 
flinty  character,  and  there  is  a  softer  limestone,  the  latter  generally 
containing  sulphides.  The  former  makes  an  excellent  material  for 
concrete.  The  presence  of  sulphides,  however,  causes  disintegration  of 
the  concrete,  as  the  speaker  has  found  by  experience.  The  oxidization 
of  the  sulphides  also  produces  a  rapid  corrosion  of  embedded  metal 
and  is,  therefore,  particularly  undesirable  in  reinforced  concrete. 

George  F.  Morse,  M.  Am.  Soc.  C.  E. — This  paper  merely  touches   Mr. 
on  the  subject  of  alkali  in  water  used  for  mixing  concrete,  and  though 
the  following  statements  cannot  properly  be  called  a  discussion,  it  is 
thought   that   they   are   of   enough   interest   to   the   Profession   to   be  \ 
recorded. 

While  building  concrete  piers  for  a  railroad  bridge  across  the 
Arkansas  River,  near  Muskogee,  Okla.,  an  instance  came  to  the 
speaker's  attention  which  seemed  to  indicate  that  alkali  alone  in  the 
water  used  in  the  mix  does  not  always  have  a  detrimental  effect  on  the 
concrete.  In  this  case,  two  piers,  identical  in  every  way,  except  for 
the  coarse  ingredient  used,  and  built  simultaneously,  showed  very 
different  results.  One  pier  was  built  of  gravel  taken  from  the  river 
bed,  which  produced  a  good  concrete.  The  other  pier  was  built  of 
Joplin,  Mo.,  chats,  and  was  a  total  failure,  as  the  concrete  did  not  set. 
The  pier  was  afterward  taken  down.  The  "concrete"  was  of  about  the 
consistency  of  semi-cemented  gravel,  and  was  easily  excavated  with 
pick  and  shovel.  In  both  instances  water  containing  alkali  (and  from 
the  same  source)  was  used,  the  sand  and  cement  being  identical. 

Subsequent  experiments  with  the  chats,  using  water  free  from 
alkali  in  the  mix,  produced  excellent  results ;  but,  when  alkaline  water 
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I     M'-.     was  used  the  concrete  failed  to  set.     The  same  result  was  obtained 
in  three  other  instances,  where  similar  conditions  prevailed. 

Attention  is  called  to  the  fact  that  in  th(i  Southwest  chats  are 
very  commonly  used  in  making  concrete,  with  excellent  results;  in  fact, 
the  speaker  had  used  them  in  reinforced  concrete  work  before  these 
bridge  piers  were  constructed.  If  it  had  not  been  so  evident  that 
the  chats  were  at  fault  (as  shown  by  the  opportunity  to  compare  the 
result  with  concrete  containing  other  coarse  ingredients),  there  would 
have  been  no  reason  to  suspect  the  real  cause  of  the  failure. 

It  is  customary  for  engineers  to  look  well  to  the  character  of  the 
cement,  sand,  and  water  used  in  concrete  work,  and  to  be  satisfied 
with  the  coarse  ingredient,  if  it  answers  the  physical  requirements. 
It  is  evident  from  the  foregoing  that  in  this  case  some  chemical  action 
between  the  alkaline  water  and  the  chats  caused  failure. 
Mr.  Richard  H.  Gaines,  Esq.* — Interest  in  this  subject  is  not  confined 

aines.  ^^  ^-^^  West.  The  evidence  presented  by  the  author  abundantly  demon- 
strates the  destructive  action  of  alkaline  waters  on  cement,  tiling, 
and  concrete.  The  question  is  no  longer  one  of  bad  specifications 
or  poor  construction;  but  special  measures  of  protection,  yet  to  be 
devised,  are  necessary  to  meet  the  conditions  outlined.  A  difficult  prob- 
lem is  submitted  to  the  Engineering  Profession,  and  the  vital  impor- 
tance of  its  solution  cannot  be  emphasized  too  strongly.  Few  are  aware 
of  the  extent  of  the  great  region,  west  of  the  Mississippi,  which  is 
marked  by  the  presence  of  alkali  in  the  soil  or  on  the  surface. 

The  decomposition  of  mortars  exposed  to  the  action  of  waters 
charged  with  sulphates  has  long  occupied  the  attention  of  chemists 
and  engineers,  and  many  experiments  have  been  made  in  order  to 
discover  some  hydraulic  binding  material  which  would  not  be  subject 
to  deterioration.  Until  within  a  few  years,  these  researches  have  been 
concentrated  chiefly  on  the  injurious  action  of  sea  water,  although  the 
destructive  effect  of  sulphates  of  lime  and  magnesia  was  not  unknown. 
The  difference  between  sea  water  and  the  alkaline  waters  of  the  West 
is  that  the  latter  act  more  energetically,  owing  to  a  much  greater  con- 
centration of  the  sulphates  of  magnesium  and  calcium,  and,  as  their 
name  implies,  they  contain,  in  addition,  alkaline  carbonates. 

Notwithstanding  the  title  of  the  paper,  nothing  is  said  of  the  effect 
of  the  presence  of  the  alkali  constituents  of  the  waters.  These  strong 
bases  react  with  the  aluminate  in  cement,  resulting  in  acid-forming 
oxides. 

It  is  desirable  to  have  a  clear  conception  of  the  chemical  changes 
which  tend  to  destroy  concrete  when  in  contact  with  sulphate  or 
alkaline  waters.  The  basic  calcium  aluminate  in  set  cement  is  believed 
to  be  the  vulnerable  point  of  attack,  and  is  where  the  mischief  is 
done.  With  this  constituent  the  sulphates  form  sulpho-aluminate  of 
*  Chemist,  New  York  Board  of  Water  Supply. 
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lime,  a  reaction  attended  with  a  great  increase  in  volume  (owing  to  the  Mr. 
water  taken  into  combination),  and  consequent  disruption.  Both  mag-  ^'^'°^^ 
nesium  and  calcium  chlorides,  wherever  present,  are  detrimental  to 
concrete,  owing  to  the  fact  that  the  chlorine  radicals  replace  the 
aluminate,  causing  the  production  of  soluble  compounds.  In  a  series 
of  experiments  on  immersed  briquettes  with  artificial  solutions  of  vari- 
ous salts,  recently  conducted  by  the  speaker,  the  injurious  action  of 
chlorides  of  calcium  and  magnesium  v/as  fully  confirmed.  Sulphate 
solutions,  however,  appeared  from  the  experiments  to  be  the  most 
active  decomposing  agents. 

The  experience  cited,  of  numerous  concrete  failures  in  the  West, 
teaches  that  engineers  must  be  on  the  alert  for  saline  waters  wherever 
construction  is  planned  or  under  way.  In  fact,  waters  almost  satur- 
ated with  salt  solutions  are  sometimes  found  far  from  alkaline  regions 
or  any  recognized  occurrence  of  gypsum.  On  the  other  hand,  drain 
waters  which,  at  certain  times,  contain  small  quantities  of  sulphates, 
may  become  saturated  during  periods  of  drought.  Subterranean  waters 
should  always  be  examined  for  sulphates  and  chlorides  of  calcium  and 
magnesium,  if  they  are  to  flow  in  contact  with  concrete.  Waters 
encountered  in  the  older  strata  in  several  parts  of  the  country,  both 
East  and  West,  have  been  found  to  be  heavily  impregnated  with  these 
injurious  compounds. 

According  to  the  partial  analyses  published,  the  ground  and  drain 
waters  from  the  trans-Mississippi  region  do  not  differ  greatly  in 
composition  from  the  sulphate  waters  which  have  proved  destructive 
to  mortars  in  Spain,  France,  and  other  parts  of  the  world.  In  France, 
especially,  considerable  attention  has  been  given  to  the  study  of  this 
problem  during  the  last  few  years,  and  some  valuable  results  have 
been  obtained.  There,  it  has  been  found  that  the  pozzuolanas  have 
always  had  a  notably  ameliorating  effect  where  sulphates  were  encoun- 
tered. The  best  resistance  values  were  obtained  with  mixtures  of 
silicious  cement  and  dehydrated  clay  in  the  proportion  of  1  part  of 
clay  to  1  part  of  cement.  Calcined  clay  seems  to  be  the  most  energetic 
of  all  the  artificial  pozzuolanas.  Vicat  estimated  the  appropriate  cal- 
cination temperature  of  clay  at  about  1 000°  cent.,  but  it  should  be 
emphasized  that  the  operation  of  dehydration  is  industrially  a  delicate 
one;  if  the  desired  temperature  is  not  realized,  either  by  exceeding  or 
by  not  reaching  the  proper  calcination  heat,  an  inert  material  instead 
of  a  pozzuolana  may  be  manufactured. 

Experiments  by  M.  Bied,  of  Le  Teil,  Department  of  Ardeche, 
France,  reported  to  the  last  meeting  of  the  International  Society  for 
Testing  Materials,  confirm  the  superiority  of  silicious  cements  over 
aluminous  cements,  and  the  favorable  effect  of  the  addition  of  dehy- 
drated clay.  According  to  Bied,  in  the  presence  of  sulphate  of  cal- 
cium, the  use  of  dehydrated  clay  is  the  only  means  known  at  present 
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M  .     of   preventing   decomposition.      The   addition   of   the   clay   cannot   be 
aines.  j^^jg  ^^^^  ^j^g  work,  but  must  be  entrusted  to  conscientious  manufac- 
turers.    The  addition  of  stearate  of  lime  and  similar  compounds  to 
ordinary  cement,  which  render  the  mortars  more   impermeable,   were 
shown  to  be  inefficient  in  preventing  decomposition. 

For  a  number  of  years  the  large  French  company,  the  Societe  J. 
et  A.  Pavin  de  Lafarge,  claims  to  have  supplied  an  indecomposable 
cement  based  on  a  mixture  of  dehydrated  clay  and  the  silicious 
cements  made  by  that  firm.  This  engineering  and  contracting  com- 
pany constructed  the  great  military  harbor  works  at  Bizert,  the  French 
military  base  opposite  Corsica,  on  the  African  Coast,  and  is  well 
known  in  Europe.  The  cement  made  by  this  firm  has  been  used 
throughout  the  gypsiferous  territories  of  Southern  France. 

The  promising  results  obtained  in  France  should  lead  to  experi- 
ments along  the  same  lines  in  America,  and  such  experiments  should 
be  made  in  as  many  laboratories  as  possible.  A  method,  at  once  sure 
and  rapid,  of  determining  the  capability  of  cement  mortars  to  resist 
the  decomposing  action  of  alkaline  or  sulphate  waters,  has  not  come 
into  general  use.  The  method  hitherto  used  commonly  consists  sim- 
ply in  immersing  the  mortar  in  the  saline  water  and  observing  it  for 
as  long  periods  as  possible.  The  results  obtained  by  this  test  vary, 
however,  according  to  the  composition  of  the  mortar  and  the  condi- 
tions of  its  immersion,  and  the  experimenter  often  has  to  wait  long 
periods  before  signs  of  disintegration  are  observed,  and  even  then 
such  signs  may  be  of  a  doubtful  nature.  There  is  room,  therefore, 
for  the  proposal  of  some  scientific  and  expeditious  method  of  arriving 
at  the  relative  resistance  values  of  different  hydraulic  materials  which 
may  be  subjected  to  the  action  of  sulphate  or  sea  waters. 

Until  a  cement  is  discovered  which  is  proved  to  be  capable  of  per- 
manently resisting  the  destructive  effects  of  these  alkaline  waters, 
the  safest  policy  will  be  to  follow  the  recommendation  of  Candlot  con- 
cerning sea  water,  and  to  consider  their  action  from  a  purely  physical 
standpoint.  By  thus  eliminating  the  chemical  side  of  the  problem, 
the  only  remedy  to  be  adopted  against  decomposition  is  some  physical 
means  of  preventing  the  water  from  penetrating  the  mortar. 

The  speaker  recently  had  occasion  to  study  the  possible  effect  on 
concrete  of  a  deep  subterranean  water  which  was  heavily  charged  with 
the  sulphates  and  chlorides  of  alkali  and  alkaline  earth  metals.  Pre- 
liminary experiments  having  indicated  energetic  decomposing  action 
on  hardened  cement  mortar,  a  series  of  accelerated  tests  was  made  in 
order  to  determine  what  salts  present  in  the  water  set  up  the  destructive 
chemical  changes.  After  ascertaining  by  analysis  the  saline  con- 
stituents of  the  water  in  question,  a  number  of  definite  solutions  of 
chemically  pure  salts  were  prepared,  each  containing  separately,  in 
distilled  water,  the  individual  constituents  found  in  the  natural  water. 
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Broken  neat  and  mortar  briquettes  were  immersed  in  beakers  in  these    Mr. 
solutions    and   allowed  to   remain   at  room  temperature   for   10  days. 
For  comparison,   specimens  were  kept  in   some  of  the   subterranean 
water  for  the  same  length  of  time.     The  list  of  pure  salts  in  separate 
solution  included: 

Magnesium    sulphate, 

Calcium  " 

Sodium  " 

Calcium  chloride. 

Magnesium    " 

Sodium  " 

The  tests  also  included  the  action  of  salts  not  found  in  the  natural 
water,  but  commonly  occurring  as  constituents  of  other  saline  waters 
that  have  proved  destructive  to  concrete.  These  were  the  sulphates 
of  iron  and  aluminum,  the  carbonates  of  sodium  and  potassium,  and 
the  bicarbonate  of  sodium. 

At  the  end  of  the  test  period,  precipitates  were  found  in  all  the 
beakers  in  which  the  mortar  specimens  had  been  in  contact  with  solu- 
tions of  sulphates,  the  action  having  been  most  energetic  in  the 
presence  of  sulphates  of  calcium  and  magnesium.  Considerable  pre- 
cipitation also  occurred  from  contact  with  the  magnesium  and  calcium 
chloride  solutions,  the  latter  proving  as  actively  decomposing  as  any 
of  the  salts.  The  alkaline  carbonates  were  apparently  without  effect, 
as  also  was  sodium  chloride,  but  sodium  bicarbonate  caused  some 
action.  In  none  of  the  separate  solutions  was  the  decomposing  action 
comparably  as  energetic  as  resulted  from  contact  with  the  sub- 
terranean water,  which,  as  previously  stated,  contained  a  natural 
mixture  of  chlorides  and  sulphates  of  calcium,  sodium,  and  magnesium. 
A  qualitative  examination  of  the  solutions  and  material  thrown  down 
from  the  mortar  specimens  in  the  form  of  precipitates,  in  the  beakers 
where  action  was  apparent,  showed  that  the  alumina,  lime,  and  iron 
oxide  in  all  the  specimens  had  been  attacked  to  a  greater  or  less  extent 
by  the  solutions. 

While  the  conditions  of  this  series  of  experiments  were  not  such  as 
to  lead  to  definite  conclusions  in  a  quantitative  sense,  the  results 
obtained  serve  to  show  from  what  ingredients  in  saline  waters  danger 
may  be  expected;  and  thus  they  have  a  very  direct  bearing  on  the 
study  of  the  question  of  the  effect  of  alkaline,  sulphate,  or  sea  waters 
on  concrete. 

Several  authorities,  including  Michaelis,  have  stated  that  if  alumina 
in  cements  is  replaced  by  ferric  oxide,  the  deleterious  effect  of  sea 
water  is  prevented.  Brief  experiments  made  by  the  speaker  with  a 
sample  of  so-called  iron  ore  cement  received  from  Germany  (in  which 
ferric  oxide  almost  wholly  replaces  alumina),  indicate  that  while  this 
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Mv.     material    is    apparently    unaffected    by   sulphate    waters,    it    offers    no 

■  greater  resistance  to  the  attack  of  calcium  and  magnesium  chlorides 

than  ordinary  Portland  cement.     In  practice,  whatever  cement  may  be 

used,  all  alkaline  and  sulphate  waters  should  be  kept  from  contact  with 

fresh  concrete  until  it  has  gained  substantial  strength. 

Mr.  Thomas  H.  Means,  M.  Am.   Soc.  C.  E.    (by  letter). — This  paper 

brings  before  the  Society  a  subject  which  is  worthy  of  careful  con- 
sideration. Recently  a  number  of  articles  have  appeared  in  the  public 
and  engineering  press,  v/hich  would  lead  the  uninitiated  to  believe 
that,  in  the  soil  of  the  West,  concrete  is  not  permanent.  That  there 
is  no  need  for  such  apprehension  is  apparent,  of  course,  to  anyone  well 
acquainted  with  the  circumstances,  but  there  are  so  many  people  who 
are  not,  that  a  few  words  of  reassurance  may  not  seem  amiss. 

This  subject  was  brought  prominently  before  the  public  in  bul- 
letins issued  by  the  Experiment  Stations  of  Montana  and  Colorado. 
Each  of  these  publications  describes  cases  of  failure  of  concrete,  and 
each  presents  the  results  of  some  chemical  work. 

It  is  unfortunate  that  the  results  of  these  investigations,  made  on 
specific  cases  of  failure  of  concrete,  should  have  been  given  such 
general  application.  No  general  failures  have  occurred  in  the  West, 
in  fact,  there  have  been  very  few,  when  the  great  extent  of  cement 
structures  in  engineering  work  is  considered.  For  many  years  cement 
has  been  used  in  irrigation  and  drainage  work  in  arid  and  semi-arid 
regions,  not  only  in  the  United  States,  but  the  world  over,  and  very  few 
failures  have  been  reported. 

For  nearly  twelve  years  the  writer  has  been  associated  with  work 
in  the  Arid  West,  much  of  the  time  in  connection  with  alkali-soil 
investigations,  and,  during  this  period,  work  has  been  carried  on  in 
every  arid  State.  From  the  first  he  has  watched  the  effect  of  various 
alkalis  on  cement,  brick,  stone,  and  other  building  materials.  How- 
ever, no  special  investigations  were  made  in  order  to  solve  the  problem. 
Wherever  a  certain  alkali  has  been  found,  a  deleterious  action  on 
cement  has  been  noticed.  The  severity  of  this  action  seemed  to 
depend  on  the  quality  of  the  concrete,  on  the  strength  of  the  alkali 
solution,  and,  to  a  certain  extent,  on  the  exposure  of  the  concrete. 
Other  alkalis  do  not  seem  to  have  any  serious  effect  on  concrete,  in 
fact,  a  number  of  cases  have  been  under  observation  where  concrete 
has  been  exposed  for  several  years  to  intensely  alkaline  soils  with  no 
bad  results. 

The  alkali  which  seems  most  harmful  generally  contains  sodium 
and  magnesium  sulphates,  chlorides,  and  some  gypsum  or  calcium 
sulphate;  other  salts  occur  in  greater  or  less  quantity. 

As  far  as  observations  without  analyses  are  of  value,  it  is  apparent 
that  the  magnesium  soils  are  the  most  deleterious,   and  this  view  is 
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supported  by  the  experience  of  others.  Chlorides  alone  do  not  seem  Mr. 
to  be  harmful,  and  sulphates  of  sodium  and  calcium  are  not  harmful.  ^^^°^- 
On  the  Truckee-Carson  Project,  in  Nevada,  there  are  areas  of  land 
which  contain  large  quantities  of  sodium  sulphate  and  sodium  chloride 
mixed.  On  this  project  a  great  many  concrete  structures  have  been 
built;  50  000  bbl.  of  cement  have  been  used,  some  of  it  having  been 
placed  in  strong  alkaline  soils,  and  a  careful  examination  of  struc- 
tures five  years  old  has  failed  to  reveal  any  disintegration  of  the 
concrete. 

Carbonate  of  soda  or  black  alkali  is  the  most  harmful  salt,  as  far 
as  vegetation  is  concerned,  and  it  is  likewise  the  only  alkaline  com- 
pound, in  the  chemical  use  of  the  term,  ordinarily  found  in  soils.  It 
has  been  said  that  this  salt,  on  account  of  its  alkaline  reaction,  would 
have  a  solvent  action  on  cement,  but  such  does  not  seem  to  be  the  case. 
Apparently,  black  alkali  alone  is  not  harmful  to  concrete.  Big  Soda 
Lake,  near  Hazen,  Nev.,  is  an  important  source  of  natural  soda.  The 
water  carries  about  12^%  of  solids  in  solution,  and  of  this  more  than 
7%  is  sodium  chloride,  nearly  2%  sodium  sulphate,  and  more  than 
2i%  sodium  carbonate.  Specimens  of  cement  pipe,  which  have 
been  in  contact  with  this  water  for  several  years,  show  no  signs  of 
deterioration. 

It  is  true  that  very  porous  concrete  is  apt  to  be  damaged  by  alkaline 
waters  of  any  kind,  but  good  concrete  seems  to  be  free  from  damage 
by  any  but  alkali  containing  magnesium  salts.  No  evidence  is  at 
hand  to  show  that  any  particular  brand  of  cement  is  more  susceptible 
to  damage  than  others,  but  it  is  not  to  be  expected  that  such  would  be 
true,  for  all  reputable  brands  have  nearly  the  same  composition. 

Besides  the  chemical  action  which  magnesium  compounds  seem 
to  have,  there  is  a  mechanical  disintegration  which  seems  to  be  most 
active  in  porous  concrete.  The  crystallization,  solution,  and  recrystal- 
lization  of  salts  seem  to  loosen  up  the  concrete  and  disintegrate  it  by 
prying  off  outside  grains. 

The  harmful  alkalis  seem  to  be  found  almost  always  in  certain 
cretaceous  formations  of  the  Rocky  Mountain  States.  Pierre  shale 
and  formations  associated  with  it,  seem  to  be  the  main  source  of 
soluble  magnesium  salts.  This  geologic  formation  occurs  in  a  number 
of  Western  States,  and  where  the  soluble  salts  have  not  been  leached 
from  the  soil,  cement  and  concrete  work  is  apt  to  be  badly  affected. 

No  doubt  there  are  other  localities  where  deleterious  compounds 
exist.  Evidence  of  this  can  often  be  obtained  from  the  State  Experi- 
ment Stations  or  from  the  Department  of  Agriculture,  at  Washington. 

Thus  far,  no  very  satisfactory  remedy  has  been  proposed.  There 
is  an  excellent  opportunity  for  an  extended  investigation  of  the 
physical  and  chemical  phenomena  connected  with  the  effect  of  alkali 
on  concrete.     Magnesium  compounds  seem  to  have  many  peculiarities. 
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Mr.     It  may  be  possible  that  a  cement  of  some  peculiar  composition  may  be 

■  developed,  which  will  not  only  resist  the  disintegration  and  decom- 
position caused  by  magnesium  salts,  but  will  be  more  satisfactory  for 
use  in  sea  water.  Again,  it  may  be  possible  either  to  protect  concrete 
made  with  commercial  brands  of  cement,  by  some  special  precautions, 
or  to  introduce  some  foreign  substances  into  it  in  order  to  prevent 
damage.  The  field  certainly  looks  promising  for  some  enterprising 
chemist  or  physicist. 

Mr.  F.  E.  KoBERTSON,  EsQ.  (by  letter). — Alkali  is  to  be  found  in  many 

■  parts  of  India,  where  it  is  known  as  reh  and  oosur,  and  regular  alkali 
deserts  occur  in  Sind  and  on  the  Northwest  Frontier.  Under  certain  cir- 
cumstances the  salt  is  most  destructive  to  materials  which  would  stand 
well  enough  ordinarily,  but  the  cause  and  remedy  are  well  known. 
The  salt  crystallizes  in  the  pores  of  the  material  and  disintegrates 
it  by  an  action  somewhat  similar  to  that  of  frost.  Bricks  are  speedily 
reduced  to  powder,  as  are  also  soft  stones  and  concrete.  The  mortar 
used  in  those  parts  of  India  where  alkali  occurs,  is  made  of  one  part 
of  fat  lime  ground  finely  with  two  parts  of  pounded  brick,  called 
soorlchi.  It  is  moderately  hydraulic  and  well  made,  and,  when  laid, 
eventually  becomes  as  hard  as  bricks;  it  is  likely  to  be  destroyed, 
however,  by  the  effect  of  alkali.  Even  fire-clay  goods,  if  underbumt. 
are  likely  to  be  destroyed,  one  end  of  a  pipe  being  reduced  to  powder 
while  the  other  end  remains  uninjured.  For  building,  and  for  making 
soorkhi,  nothing  should  be  used  but  slightly  vitrified  brick — at  all 
events  on  all  external  surfaces — and  concrete  with  an  impervious 
skin. 

The  author  states  that: 

"These  failures  may  indicate  some  special  peculiarity  of  the  local 
soil,  and  may  be  somewhat  similar  to  the  well-known  fact  that  the 
action  of  sea  water  has  been  destructive  to  concrete  in  certain  locali- 
ties and  not  in  others." 

In  regard  to  this,  it  is  not  the  action  of  the  alkali  or  the  sea  water 
which  varies  from  place  to  place,  but  the  structures  acted  on.  Under- 
burnt  brick  and  porous  concrete  will  perish  whenever  they  come  in 
contact  with  alkali  or  sea  water. 

The  tile  mentioned  as  made  of  1 :  5  mixture  was  certainly  very 
porous,  and  it  is  improbable  that  the  voids  in  any  sand  are  less  than 
one-third,  which,  to  be  safe,  would  demand  a  mixture  of  1 :  2^. 

Mr.  Philo  H.  Bates,  Esq.*  (by  letter). — Mr.  Anderson's  paper  on  the 

effect  of  alkali  on  concrete,  gives  an  interesting  resume  of  the  subject. 
One  noticeable  feature  is  the  agreement  by  all  that  this  action  is 
similar  to,  or  identical  with,  that  of  sea  water  in  effecting  the  dis- 
integration of  concrete.  This  may  be  true,  for  in  alkali,  alkaline 
*  Chemical  Engr.,  Technologic  Branch,  U.  S.  Geological  Survey. 
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waters,  and  sea  waters,  the  same  salts  are  found,  though  the  propor-  Mr 
tions  of  the  salts  are  very  different,  as,  for  instance,  the  very  slight 
quantities  of  chloride  and  the  large  quantities  of  sulphates  in  alkaline 
waters,  and  the  reverse  in  sea  water.  Which  of  these  salts  causes 
disintegration,  or  which  is  the  most  active  in  this  respect,  however, 
is  a  matter  of  considerable  doubt. 

The  Structural  Materials  Testing  Laboratory  of  the  United  States 
Geological  Survey  has  recently  undertaken  some  experiments  which 
are  still  under  way,  and  by  which  it  is  hoped  to  define  what  salts  or 
combinations  of  salts  cause  disintegration  of  concrete  and  kindred 
structural  materials.  Moreover,  it  is  hoped  to  determine  whether  this 
action  is  caused  by  chemical  or  physical  changes,  the  former  resulting 
from  the  reaction  of  the  salts  in  solution  with  the  constituents  of  the 
cement,  and  the  latter  from  the  freezing  or  crystallizing  of  the  salts 
from  their  solutions  in  the  pores  of  the  concrete.  Many  engineers  are 
acquainted  with  the  action  of  the  freezing  of  water  in  concrete,  and 
its  results,  where  there  is  no  chemical  reaction.  Without  acknowledg- 
ing any  chemical  reaction,  it  can  be  readily  understood  that  the  result 
of  the  formation  of  crystallizing  salts  in  concrete  is  to  cause  them  to 
occupy  a  greater  volume  than  their  solutions.  Chemical  action  does 
take  place,  however,  when  the  magnesia  salts  are  present  in  the  solu- 
tion, as  the  lime  liberated  from  the  cement  by  its  setting  replaces  the 
magnesia,  the  latter  appearing  as  a  gelatinous  mass.  It  might  be  con- 
sidered that  this  mass  thrown  out  over  the  particles  of  cement  would 
protect  it  from  further  action.  The  salts  in  black  alkali,  largely 
sodium  carbonate,  have  a  chemical  action  which  involves  the  formation 
of  calcium  carbonate. 

Bulletin  No.  132,  of  the  Montana  Agricultural  College,  gives  an 
excellent  description  of  the  condition  of  the  sewers  in  Great  Falls, 
which  city  is  located  in  a  very  alkaline  region,  where  the  salts  are 
sodium  or  magnesium  sulphates,  or  combinations  of  these  two.  It  is 
noticeable  that  these  sewers  are  principally  of  brick,  and  that  they 
are  badly  disintegrated.  This  brings  up  a  feature  which  has  been  little 
emphasized  before,  namely,  the  action  of  salts  on  brick  and  stone. 
No  matter  whether  the  action  is  physical  or  chemical,  it  cannot  be 
assumed  that  concrete  will  be  attacked  and  not  other  porous  material. 
The  writer  has  seen  samples  of  brick  and  sandstone,  removed  from 
buildings  in  Great  Falls,  which  could  be  powdered  in  the  hand.  He 
has  also  examined  the  bottom  of  irrigation  ditches  excavated  in 
Oregon  sandstone,  in  which  the  stone  has  retained  its  original  form 
and  appearance,  but  could  be  crushed  readily  in  the  hand.  It  would 
seem,  therefore,  that  the  problem  is  not  limited  to  cement  products,  but 
should  include  all  building  material  which  might  be  used  in  a  similar 
manner.  Consequently,  in  its  investigation  of  this  destructive  action, 
the  Geological  Survey  has  included  also  building  stone  and  clay  products. 
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M'-.  In  the  investigations  now  under  way,  there  are  being  used,  in  the 

'  preliminary  experiments,  solutions  of  sodium  chloride,  sodium  sul- 
phate, sodium  carbonate,  magnesium  chloride,  magnesium  sulphate, 
and  iron  sulphate  alone;  also  solutions  containing  equal  parts  of 
sodium  chloride  and  sodium  sulphate;  sodium  chloride  and  magnesium 
chloride;  sodium  chloride  and  magnesium  sulphate;  sodium  sulphate 
and  magnesium  sulphate;  magnesium  chloride,  magnesium  sulphate, 
sodium  sulphate,  and  magnesium  chloride;  and  also  sea  water  from 
Atlantic  City. 

These  solutions  are  being  used  in  two  series  of  investigations;  the 
first,  purely  chemical,  consists  in  shaking  up  a  definite  quantity  of 
cement  with  a  definite  quantity  of  solution,  then  withdrawing  the 
solution  at  intervals,  and,  by  analysis,  determining  what  the  cement 
has  lost  or  gained.  At  present  this  is  being  conducted  with  an  unset 
cement.  Later,  the  test  will  be  repeated  with  a  set  cement.  The 
second  series  is  physical,  and  consists  of  making  hollow  cylinders  of 
cement  mortar  and  hollow  cylinders  of  burned  clay,  closed  at  one  end. 
Through  these  the  various  solutions  are  allowed  to  percolate,  the 
appearance  of  the  cylinders  being  noted  from  time  to  time.  From 
this  the  relative  disruptive  force  of  the  different  solutions  may  be 
determined.  In  the  first  experiments  of  the  second  series  a  very  rich 
mortar  was  used,  dry  mixed,  in  order  to  give  a  very  porous  product, 
rich  in  cement.  From  this  it  will  be  possible  to  determine  whether 
any  of  these  salts  can  be  omitted  in  the  further  investigations  owing 
to  their  slight  action.  Hereafter,  other  cement  mortar  cylinders  will 
be  made,  less  rich  and  more  dense  mixtures  being  used.  Specimens 
will  also  be  made  to  which,  after  setting,  different  quantities  of  salts 
will  be  added  in  solution,  and  an  attempt  made  to  determine  how  much 
is  necessary  to  cause  disruptive  action.  By  keeping  other  cylinders 
immersed  in  the  various  solutions,  and  noting  the  action  or  want  of 
action,  and  then  drying  and  noting  the  effects,  it  is  hoped  that  some 
valuable  preliminary  information  will  be  procured  on  this  interesting 
and  difficult  problem. 

The  very  dry  atmosphere  of  the  region  where  alkali  is  most  plentiful 
and  where  the  action  has  been  reported  to  be  most  severe,  naturally 
suggests  that  it  would  cause  excessive  evaporation  and  result  in 
excessive  crystallization. 

These  investigations  are  being  prosecuted  in  the  hope  that  a  method 
of  preventing  this  action  may  be  evolved.  This  will  necessitate  tests 
of  various  water-proofing  materials,  and  these  have  been  in  progress  by 
the  United  States  Geological  Survey  for  more  than  a  year.  A  very 
important  class  of  these  materials,  known  as  bitumens,  and  including 
coal-tar,  pitch,  asphaltum,  and  petroleum  residuum,  is  being  examined. 
The  investigation  would  also  be  incomplete  without  considering  the  use 
of  pozzuolana,  slag,  and  iron-ore  cements  alone  or  replacing  a  portion 
of  the  Portland  cement. 
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E.  P.  Goodrich,  M.  Am.  Soc.  C.  E.  (by  letter). — Somewhat  more  Mr. 
than  a  year  ago,  for  the  benefit  of  one  of  his  clients,  the  writer  made 
some  experiments  of  the  effect  of  several  different  alkalis  on  small 
concrete  cylinders  immersed  in  various  solutions,  and  of  the  benefits 
derived  from  two  methods  of  water-proofing  concrete  which  are  in  use. 
The  cylinders  were  about  3  in.  long  and  J  in.  in  diameter.  They  were 
mixed  with  Portland  cement  and  ordinary  bank  sand  of  good  quality 
in  the  proportions  of  1  part  cement  to  2  parts  sand,  except  that  one 
specimen  was  moulded  with  neat  cement  for  immersion  in  each  of  the 
solutions  considered.  The  latter  included  sodium  chloride  (NaCl) ; 
magnesium  sulphate  (MgSO^) ;  calcium  sulphate  (CaSO^) ;  sodium 
sulphate  (Na.^SO^)  ;  and  pure  water  for  comparative  purposes.  Ten 
grains  of  each  of  these  materials  was  dissolved  in  a  pint  of  water,  in 
air-tight  glass  cans,  and  the  cylinders  were,  immersed  therein,  on 
February  6th.  The  cylinders  were  removed,  weighed,  and  replaced  on 
February  9th,  March  19th,  April  21st,  May  30th,  and  the  following 
March  29th,  respectively. 

TABLE  4. 


February 
9th. 

March 
19th. 

April 

21st. 

May 

30th. 

March 
29th. 

Aver- 
age. 

r 

15 

10 

13 

0 

15 
16 

17 
12 

5 
10 
22 
12 

5 
5 
9 
4 

20 
16 
22 
20 

Neat 

12.0 

Mortar 

11.4 

H2O 

Powder 

Wax 

16.6 
9,6 

I 

I 

9.5 

23 

8 
10 

6 

15.0 

18 

17 

20 

6 

12.2 

12 

8 
7 
0 

5.6 

23 

17 

12 

6 

19.5 

23 
5 

12 
10 

Average  

Neat 

Mortar 

12.4 

19  8 
13.0 

NaCl . . . .  - 

Powder 

12.2 

Wax 

5.6 

L 

- 

11.8 

28 
35 
17 
10 

15.2 

32 
20 
14 
10 

6.8 

9 
0 
2 
4 

13.0 

18 

20 

9 

7 

12.5 

18 
20 
14 
10 

Average 

Neat 

12.6 
21.0 

Mortar 

19.0 

MgSO^...^ 

Powder 

Wax 

11.2 
6.6 

- 

22.5 

32 
14 
20 
14 

19.0 

32 
14 
15 
11 

1.8 

5 

8 

10 

2 

13.5 

5 
5 

7 
0 

15.5 

10 
17 
10 

7 

Average 

Neat 

14.4 
16.8 

CaSO^...  j 

Mortar 

Powder 

Wax 

11.6 

12.4 

6.8 

I 

20.0 

12 
18 

5 

5 

18.0 

24 

28 
17 
22 

6.3 

20 
18 

5 

5 

4.2 

20 
18 

5 

0 

11.0 

17 
18 
11 
22 

Average 

Neat 

Mortar 

11.9 

18.6 
20.0 

NaoS04.. 

Powder  , , 

Wax 

8.6 
10.8 

I 

10.0 

22.8 

12.0 

10.8 

17.0 

Average 

Gen.  Average.. 

14.5 

14.8 

18.0 

7.8 

9.4 

15.1 

The  water-proofing  processes  experimented  on  were  the  mixing  of  a 
patent  powder  with  the  cement  in  one  case,  and  the  heating  of  each 
cylinder  and  the  application  to  it  of  melted  cerasin  wax  in  the  other. 
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M  .  Each  jar  thus  contained  four  cylinders,  one  mixed  neat,  one  with 
■  plain  mortar,  one  with  the  powder  compound,  and  one  with  the  wax 
treatment.  The  specimens  were  so  small,  and  so  much  uncertainty 
always  exists  about  weighing  wet  specimens,  that  some  inaccuracies 
doubtless  crept  in.  Furthermore,  the  drawing  of  deductions  from 
averages  is  often  of  doubtful  value,  but  in  such  a  case  it  seems  to  be 
the  only  method  available  for  making  comparisons.  The  percentage  of 
increase  (and,  in  one  case,  decrease  in  weight)  was  found  as  shown  in 
Table  4,  which  also  gives  certain  average  values  which  may  be  sum- 
marized as  follows; 

The  neat  specimen  suffered  most;  the  plain  mortar  specimen  next; 
the  powder  water-proofed  specimen  third;  and  the  wax  water-proofed 
specimen  least,  in  the  ratios  of  17.6,  15.0,  12.2  and  7.9,  respectively. 
Of  the  chemicals,  sodium  sulphate  produced  the  worst  result,  with 
magnesium  sulphate  practically  the  same;  while  calcium  sulphate, 
sodium  chloride,  and  plain  water  produced  practically  identical  results, 
but  of  less  intensity.  The  increase  in  weight  was  due  first,  of  course,  to 
absorption,  while  chemical  action  appeared  to  follow  in  each  case  except 
that  of  plain  water,  as  shown  by  either  a  precipitate  or  a  scum  which 
formed  in  or  on  the  liquid,  or  by  a  gelatinous  coating  which  formed 
on  the  outside  of  the  cylinders.  These  deposits  are  now  being  examined 
chemically,  as  well  as  the  surfaces  of  the  cylinders,  but  it  is  not  yet 
possible  to  give  the  results  of  the  analyses. 
Mr.  W.  E.  Belknap,  M.  Am.  Soc.  C.  E.  (by  letter). — With  a  view  to 

^^P-  Yxiaking  accessible  certain  information  which  may  have  future  value  in 
its  bearing  on  the  durability  of  mortars  exposed  to  the  action  of  sea 
water,  the  writer  submits  Table  5,  which  is  a  record  of  the  chemical  and 
physical  characteristics  of  the  cement  used  in  the  construction  of  a 
concrete  bulkhead  wall  in  the  Wallabout  Basin,  Brooklyn,  N.  Y.,  in 
1896-97,  together  with  a  chart,  Fig.  1,  indicating  the  location  in  the 
wall  of  each  particular  lot  of  cement  shown  in  Table  5.  Fig.  1  will 
enable  an  investigator  examining  the  work  at  any  time  to  note  whether 
the  variations  in  physical  and  chemical  characteristics  are  related  to 
the  variations  in  durability  which  he  may  find.  The  writer  understands 
that,  at  the  present  time,  the  work  shows  no  indications  of  dis- 
integration. 

The  Wallabout  Basin  is  on  the  East  River,  adjoining  and  east  of 
the  United  States  Navy  Yard.  The  work  in  question  is  somewhat 
similar  to  that  in  the  wall,  built  about  the  same  time,  around  the 
"Cob  Dock"  of  the  Navy  Yard,  which  has  disintegrated  seriously  in 
many  places.  The  writer's  opinion  is  that  the  difference  in  durability 
is  due  very  largely  to  methods  of  construction. 

In  the  Wallabout  wall  every  effort  was  made  to  secure  a  dense, 
impervious  mortar  in  the  face  of  the  wall,  special  rammers,  similar  to 
ballast  tamping  bars,  being  used  for  that  purpose.  The  specifications 
were  as  follows: 
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Mr. 
Belknap. 


Mar.ad  iMsy  31»t'97 


614         DISCUSSION-  ON    THE   EFFECT   OF  ALKALI   ON   CONCRETE 


Belknap. 


WHCChjjohJO^t^gt^W 

:hM 

ft 

«ooo-3  rsp 

*. 

p 

to 

l-l 

Lot  designation 

'•   pppopooppooo 
j   *05*co'oi*(*>.*-<j''<j*4^'c;T"to'4s."coi&. 

•  oopopppp^'-'j-k 

•  'en 'en '->*■-? 'en  *5o'<£i"tf>-b"o 

en                 i4^ 

0  0>-i 

•    '-^b'o 

Number 

50 

sieve. 

0  T! 
fcorg 

en-® 
0(K* 

a  p- 

z 
ft 

ft 

I     M^  »t^  «>.  iCk  i(^  tt^  rf^  1^  iC^  CO  CO  i(^ 

•   *ioc»*«Dcsb:ioo*cc'oo*"<f'o5't© 

1-1               M-  M.        "-A  1-1 
.     i4i.-<li-'OD?OtOOptOtO 

^  <i  b  Vi  'oD 'o  to  *-Q  In  i-i 

12.2 
12.0 
10.19 

Number 

100 
sieve. 

tOtOtOtOiOiOtO^SiO-^'-'tO 

O50D~^O5^00*>.&5C0tOl0CO 

'o  *o  *o  'o  b  *o  'o  'o  b  (X  'oi  'o 

totototoiotccotoeoco 

tOC!i-}OS;DlOO!DtO>*^ 

"to  b  OS  '<{  "to  'o  "i^  "en  "o  "o 

en      en 

30.0 
32.0 
30.25 

Number 

200 

sieve. 

05  3i* 
tOl-'- 

en 
o 

b 

OS 

p 
to 

60.52 
58.68 
55.30 

Lime. 

h3 

ST 
5' 

i 

0 
0 

0 
w 

0 

to 

00 

*i-i 

to 

to 

*co 

4^ 

to 

Oi 

to 

to 

OS 

'3B 

CO 

>-> 

Silica. 

is 

'oo 
OS 

*to 

-^ 

"oS 

to 

-I 

OO-Nl-sf 

'tci.  'oo  'to 

O0  5D5O 

Alumina. 

to 

3 

to 

2 

to 

to 

k 

to 

cc" 
"co" 

OS 

CO* 

loeoco 

'•<f*ji.'rfi. 
^coen 

Iron 
oxides. 

to 

CO 

CO 

*en 

OS 

•    1^ 

b 
to 

OS 

b 

o 

CO 

"•o 

OS 

•     CO 

■  2 

to  cop 

to  to  00 

Magnesia. 

1-t 

'o 

CO 

1.07 

1.027 

1.137 

1.140 

1.21 

1.130 

0.835 

1.099 

0.656 
0.828 
0.914 

o 

Pr'T     i     Sulphuric 
S2g;               acid. 

p 

P 

s* 

p 

"oo 

en 
to 

"-1 

en 

47.97 

52.8 

55.0 

Hydraulic 
index. 

p 
^1 

00 

b 

4^ 
p 

en 

b 
to 

to 
to 

o 
'os 

i      Hydraulic  index 
witii  magnesia. 

cocococococccocococococococococo 
b*o*o*o  b  b*o  b'o'o'o'o  *o*p'c 'o 

OSO:  Oi~J^«3O5"s|OJ?SOS^C0OlCO-0 

CO 

coco 

3.03 
3.08 
3.174 

Specific 
gravity. 

Q0O0Q0a0QD000D0D0COSOiOiO5O5O5O: 

OS 

OS  en- 

l-t  l-» 

en  00 

Percentage  of  water 
to  weight  of  cement. 

5O5O5D?O5O«D^«D5OQ00D0DQD00Q000 

OT  'uf  'or  'vi  "en  "en  'en 

00 

*en 

CD 

Percentage  of  water  to 
weight  of  sand 
and  cement. 

►ji_i^(_ilC)i_ii-n-Li-LOOtOCOCOi-ilO 

to  to  to  V-*          I-'     to  en  >*^  CO  CO  ^-k 
cnooooocnenoocnooooo 

o 

en  CO 

H-l 

OO 

'    cooffi 
1   ouJ.^ 

Initial  set. 

Time  to  bear  wire  7^5 

in.  diam.,  weighing  lib. 

en 
en 

en 

OS  en 

Si 

en 
o 

*^en 

!_>.  1-1 

en  en 

)(^ 

to 

en 

to  to 

OS 

to 

OS 

o 

en 

o 

X 

OS^ 

5;g 

"Hard" 

Time  to  beai 

in.  diam., well 

set, 
•  wire 
fhing  1 

lb. 

R 
O 

o 

O 

o 
»^ 

O 

H 
H 

H 

CO 

O 
O 

w 

W 

W 

w 


w 
o 


w 

w 
o 
c 
\^. 

!2! 


DISCUSSTO?^    ON    TPIE    EFFECT   OF   ALKALI   ON    CONCRETE  G15 


W  H  «2  Hijo  hj  O  !2!  g  r' jT^  ^H  r*  ffl  Q  *^  H  O  ;>  50  00 -1  oi  p  *.  w  to  _i--^ 


t^;0O3O>lOC0C>9C0UXCOOSO34^4^O9i-i 
05U»0500?hfi.ailOOOOIQOOiOCJ>0 


O-^OOSOiOOOOOOOSOOiOOO 


OO^5DQ0<f<!<f"<}~KJ00^?0QC~I 
J^OOOOCHCHOOOOSOOOOShpk 


-Nf4^C005  0DQDCnt3<J105COOWOOOOO 


*.QD05CHt0Oh;i.0ti*^OOl:0Ot0O00 


^i_L4i.05O»*>.«OQD05O500O5rf^4i.OTC»3 

;OQOixo<oaasoooito>p».t-'3DODtoo 


oso5ioo^^o^»^D^o^s^o^o^^N)^o»^.K) 


o;coo5^o^o^0l:o^o^sio^o^0l0io^^^^•  •  >-^ 

no  t«  tn  ^  00  ►(>- h*i- 05  ^0  to  05  00  05  O  >-^  O 
05m^kU.l*:DODO»01-OOSOcO~l5D4i. 


05--1 

00  1-' 


05C3^ 
O5  00 
«5tO 


iS: 


Lot  designation. 


OS  CO 

00  to 


Max. 


Av. 


p 


000 


Max. 


tnoo 
000 

CD  Oi 


Av. 


coo  I 

moo 


Max. 


■-JOO 

h-^OO 

00  00 


Av. 


p. 


Max. 


i-ifO 

i-'O 


Av. 


p- 


«DO0 

00 


Max. 


tocrt 


Av. 


» 
a 

a. 


tOrOCCCOOlCOOSCOCOCOOSlOlOCOOiCOOSi-'iOtDlOfOtDKJtOtSi-' 

woiooooooooooioooooooioimo»tnc;icnci>o 
000000000000000000000000000 


Number  of  barrels. 


CDOOOO'OCOtDCO- 

coomoicnQooD-j-j- 

OCT^-^-^iOTC;? '<!•<!  • 


O5COOSO5O5O5O0Ca5OSWCOCOCCO5< 
cOXi«5<a3000DQD0000^00<S0D00C 
COOiCOCTC«K'^UiO«Di*^COCOOt 

CO  b»  b^  m  bo  '•<!  1-'  '*>■  -xi  cc  bo  bo  or  bo 


Average  gross  weight 
per  barrel. 


M)i_ii_i>_iO5C0K)K)t0i-n-' 
05  ^B  tS  iO  >-■  Oi  «0  50*0  O  O  id  M  iO  O  O  *».  kU  CO  CO 

OOD— COtO  tO^DQOQOCOCO    I      I      I      I      I      I      I      I      1      I      I      I      I      I      I 

I         I        I         I         I         I         I         i         I         I         I       ^   t^  _L   h-l  ►—  1-1  h-l  h-l.  l-l  l-l  h-L  -J.  1-1  i-l  >-!. 

ji.(fi.a^Mi.ij^05Coo5cocccototot«toi-ii-»i-i.-»>-iKJt-'i-'-^  —  1-1 
I     I    I    I    I    I    I    I    I    I    I    I    I    I    I    I    I    I     I    I    I    I    I    I    I    I 


Date  delivered. 


1—1 

t— 1 

CD 
05 

s 

0 
0 

g? 

Max. 

03 

0 

-1 

>-* 

00 

CD 

2S 

^ 

0 

Av. 

as 

0 

VX 

to 

i-k 

1 

1 

5S 
8 

0 

Max. 

CD 

fP  w 

P 

CD 

CD 

CO 

00 

Av. 

r*  13' 

0 

00 

to 

8g 

-i 

00 

to 

1-1 

HA 

,_l 

^ 

GO 

0 

0 

0 

i 

1—1 
1-1 

0 

Max. 

p 

h-i 

1-1 

f7l 

0 
00 

CD 
CD 
0 

0 

00 

Av. 

en 

4^ 

to 

g 

to 

Max. 

0 

0 

0 

0 

> 

1 

^_i 

to 

to 

to 

Av. 

1-1 
CD 

!& 

g 

^ 

CO 

p 

n? 

0 

*>. 

4^ 

4^ 

Max. 

i*^ 

P' 

■^^ 

*^ 

GC 

0 

1-1 

CO 

CO 

CO 

4^ 

Av 

r*  tf 

05 

u^ 

CD 

CO 

N— 

Ot 

to 

00 

^ 

it^ 

4^ 

to 

to 

Max. 

to 

05 

0 

to 

CO 

CO 

CO 

>c^ 

Av. 

t?  ^ 

00 
to 

CO 

CO 

CD 

§ 

W 

Or 


H 
O 
O 

o 
o 

o 

CO 
CO 


55 


Mr. 
Belknap. 


616  DISCUSSION    ox    THE   EFFECT   OF   ALKALI   OX    COXCEETE 

:,fr.  "It  will  be  built  in  forms  or  moulds  to  be  furnished  by  the  Con- 

Belknap.  tractor,  set  up  in  situ  and  strictly  in  accordance  with  the  following 
rules : 

"(a)  The  forms  or  moulds  will  be  divided  by  vertical  partitions 
set  at  right  angles  to  the  face  of  the  wall,  and  the  wall  will  be  built 
by  first  filling  every  other  section,  and  then  the  intermediate  sections. 

"The  partitions  will  not  be  more  than  24  feet  nor  less  than  16  feet 
apart,  and  will  come  over  short  bents  of  piles. 

"(h)  Each  section  will  be  filled  in  layers  not  more  than  8  inches 
thick,  well  rammed  with  cast-iron  rammers  of  approved  pattern,  and 
each  layer  will  be  deposited  throughout  the  section  before  the  'initial 
set'  of  the  next  layer  underneath.  When  the  work  of  filling  a  section  is 
begun  it  must  proceed  without  intermission  to  completion,  working  night 
and  day  if  necessar;^";  or  if  the  Engineer  permits  or  directs,  the  work 
will  be  stopped,  the  surface  protected,  during  cessation  of  work,  from 
foreign  matter,  and  covered  when  work  is  resumed  and  just  previous 
to  the  deposition  of  the  next  layer,  with  a  thin  layer  of  mortar,  at  least 
I  inch  thick  over  entire  surface,  of  cement  and  sand  mixed  one  to 
one.  In  all  cases  a  layer  from  one  end  to  the  other  of  a  section  must  be 
completed  without  cessation  of  work. 

"(c)  The  facing  and  backing  will  go  on  simultaneously,  the  layers 
being  commenced  at  face  of  wall  and  worked  toward  the  back,  and  with 
no  defined  lines  of  demarcation  between  the  facing  and  the  backing. 

"(d)  The  planking  of  form  on  face  of  wall  will  be  of  tongued  and 
grooved  lumber  dressed  on  inside  face,  and  the  entire  inside  face  of 
mould  or  form  must  be  true,  smooth  and  free  from  all  distortions. 

"(e)  The  facing  shall  be  carefully  carried  up  and  well  worked 
against  planking  with  a  trowel  or  shovel  before  ramming,  and  it  shall 
show  a  clear  cement  surface  and  no  pits  or  irregularities.  No  plaster- 
ing or  washing  with  cement  after  the  forms  are  removed  will  be 
allowed. 

"(/)  The  concrete  shall  be  mixed  with  no  more  water  than  it  will 
take  without  quaking  or  showing  a  water  surface  under  ramming. 

^'(g)  Erom  5  to  10  barrels  of  cement  will  be  kept  well  mixed  dry 
in  a  suitable  bin  or  box,  and  the  cement  for  each  batch  of  concrete  will 
be  drawn  from  this  mixture. 

"(h)  The  sand  and  cement  will  be  thoroughly  mixed  dry  before 
water  is  added,  and  the  stone  shall  be  thoroughly  wet  before  mixed 
with  the  mortar. 

"(i)  There  shall  be  but  one  quality  or  brand  of  cement  in  any  one 
section. 

"(k)  The  entire  surface  of  the  work  shall  be  kept  wet  until  the 
concrete  is  well  set,  to  the  satisfaction  of  the  Engineer. 

"(I)  No  mortar  or  concrete  shall  be  made  when  the  temperature  is 
lower  than  36°  in  the  shade  or  when  rain  is  falling  on  it,  or  when 
directed  by  the  Engineer. 

"(m)  No  mortar  or  concrete  shall  be  used  in  the  work  after  it  has, 
in  the  opinion  of  the  Engineer,  attained  its  initial  set. 

"(n)  No  concrete  will  be  laid  in  water  or  be  exposed  to  water  until 
set  to  the  satisfaction  of  the  Engineer,  and  the  forms  or  moulds  will  be 
kept  entirely  free  from  water  while  concrete  is  being  laid  therein. 
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"The  facing  of  the  concrete  wall  and  the  top  of  the  mooring  post       Mr. 
offsets  will  in  all  places  be  at  least  8  inches  thick,  and  will  be  com-    ^   °^^' 
posed  of  one  part  cement,  two  parts  sand  and  from  two  to  three  parts 
of  screenings  or  fine  gravel. 

"The  backing  of  the  concrete  wall  will  be  composed  of  one  part 
cement,  two  parts  sand  and  four  parts  broken  stone  or  gravel. 

"The  amount  of  stone  in  the  concrete  will  be  reduced  if  there  is 
not,  in  the  opinion  of  the  Engineer,  sufficient  excess  of  mortar  over 
the  amount  required  to  fill  the  voids  in  the  stone. 

"The  cement  to  be  used  in  this  work  will  be  furnished  by  the  City, 
and  will  be  delivered  to  the  Contractor  on  the  ground  near  the  work  at 
such  times  as  the  Engineer  directs." 

The  chemical  analyses  and  physical  tests  shown  in  Table  5  were 
made  by  the  firm  of  Booth,  Garrett  and  Blair,  of  Philadelphia,  and  it  is 
the  writer's  recollection  that  the  tensile  strength  is  the  average  of  four 
briquettes  in  each  case. 

George  Gray  Anderson,  M.  Am.  Soo.  C.  E.  (by  letter). — The  writer  Mr. 
had  not  intended  this  paper  to  be  an  exhaustive  treatise  on  the  whole 
subject,  but  rather,  as  was  pointed  out  at  the  conclusion,  a  means  of 
directing  attention  to  specific  failures  which  have  occurred  under 
conditions  undoubtedly  prevalent  in  the  arid  region,  and  of  obtaining 
information  as  to  methods  of  prevention  and  of  cure,  if  such  methods 
are  known. 

It  was  by  no  means  suggested  that  the  failures  had  been  general. 
The  known  failures  have  occurred,  however,  under  conditions  which, 
in  the  writer's  observation,  are  frequently  encountered,  as  Mr.  Means 
has  more  fully  pointed  out,  in  certain  cretaceous  formations  in  the 
Kocky  Mountain  States,  such  as  Pierre  shale  and  the  formations 
associated  with  it.  It  is  desirable  to  know  the  nature  of  the  deleterious 
compounds  in  these  formations,  the  probable  character  and  extent  of 
the  injuries  they  may  effect,  and  the  best  methods  of  preventing  and 
overcoming  them. 

It  is  reassuring  to  learn,  from  Mr.  Means,  that  no  disintegration 
has  occurred  on  the  Truckee-Carson  Project,  in  Nevada,  as  it  is  well 
known  that  in  that  district  there  exist,  as  he  states,  "areas  of  land 
which  contain  large  quantities  of  sodium  sulphate  and  sodium  chloride 
mixed."  This  statement  may  warrant  the  conclusion  that  these  in- 
gredients are  not  of  themselves  deleterious  to  concrete,  and  that  for 
concrete  work  in  alkaline  areas,  in  which  the  ingredients  are  largely 
sodium  sulphate  and  sodium  chloride,  special  treatment  of  the  concrete 
is  not  required.  The  further  conclusion  may  be  warranted  that  the 
construction  of  the  concrete  in  the  Truckee-Carson  Project  was  such 
as  to  resist  successfully  the  deleterious  action  of  the  alkali,  and  it 
would  be  greatly  to  the  advantage  of  this  discussion  if  the  methods 
and  character  of  that  construction  had  been  given  somewhat  in  detail. 


Anderson 
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Mr,  It  is  to  be  assumed  that  the  work  was  of  first-class  quality,  but  so  also 
was  the  work  on  the  projects  of  the  Reclamation  Service  in  Montana 
and  Wyoming,  where  failures  occurred.  In  the  Montana  case,  at  least, 
the  conclusion  is  inevitable  that  the  disintegration  was  due  to  the 
presence  of  large  quantities  of  magnesium  sulphate. 

From  a  comparison  of  these  two  cases  alone,  it  may  be  concluded 
that  alkalis  composed  principally  of  sodium  sulphate  and  sodium 
chloride  are  harmless  to  concrete,  while  those  containing  large  quanti- 
ties of  magnesium  sulphate  are  most  harmful. 

On  the  other  hand,  Mr.  Means  has  stated: 

"The  alkali  which  seems  most  harmful  generally  contains  sodium 
and  magnesium  sulphates,  chlorides,  and  some  gypsum  or  calcium 
sulphate." 

And  further: 

"Chlorides  alone  do  not  seem  to  be  harmful,  and  sulphates  of 
sodium  and  calcium   are  not  harmful." 

In  giving  the  results  of  tests  made  during  investigations  of  failure 
of  cement  tile  in  Utah,  Mr.  Hart  finds  "a  remarkable  weakening  in 
the  case  of  those  stored  in  sulphate  solutions,"  in  which,  "these  results, 
although  meager,  seemed  to  indicate  that  sodium  sulphate  was  the 
deteriorating  factor,  and  that  its  effect  was  on  the  bond  between  the 
cement  and  the  sand." 

The  tests  made  by  Mr.  Goodrich,  with  the  modifying  comment  that 
"the  drawing  of  deductions  from  averages  is  often  of  doubtful  value," 
generally  bear  out  those  of  Mr.  Hart,  in  the  general  conclusion,  at 
least,  that  "of  the  chemicals,  sodium  sulphate  produced  the  worst  result, 
with  magnesium  sulphate  practically  the  same ;  while  calcium  sulphate, 
sodium  chloride,  and  plain  water  produced  practically  identical  results, 
but  of  less  intensity." 

Consideration  of  these  tests  alone  would  confirm  the  writer's  opinion 
that  the  engineer  must  extend  the  field  of  his  investigations  materially 
before  outlining  plans,  and  that  chemical  analyses  be  made  of  tlio  vary- 
ing soils  through  which  any  particular  project  passes,  with  the  purpose 
of  determining  whether  structures  in  such  soils  require  special 
treatment. 

It  would  also  confirm  the  opinion  that  there  may  be  some  special 
peculiarity  of  the  local  soil,  as  contrary  to  the  view  expressed  by  Mr. 
Robertson  that  "it  is  not  the  action  of  the  alkali  or  tlie  sea  water,  which 
varies  from  place  to  place,  but  the  structures  acted  on,"  at  least,  as  far 
as  the  action  of  the  alkali  is  concerned. 

It  was  not  intended  to  convey  the  impression  that  concrete  only 
was  affected  by  the  presence  of  alkali  in  the  soils.  It  is  undoubtedly 
true  that  brick  and  stone  will  be  attacked,  as  Mr.  Bates  points  out; 
and  the  writer  has  observed  the  disintegration  of  sandstone  in  the  beds 
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of  irrigation  canals,  also  referred  to  by  Mr.  Bates.    While  the  considera-       Mr. 
tion  was  confined  exclusively  to  concrete,  it  was  hoped  that  the  dis- 
cussion, especially  by  those  who  had  devoted  much  care  to  the  chemical 
investigation  of  such  failures,  would  treat  the  subject  in  its  broader 
aspect. 

That  was  also  true  of  the  effect  of  acids  on  concrete  and  other 
structural  material,  which  has  been  considered  at  length,  wdth  much 
valuable  comment,  by  Mr.  Hering. 

That  porous  concrete  is  subject  to  damage  by  alkali  may  be  con- 
ceded as  an  axiom,  even  without  requiring  any  analysis  of  the  particu- 
lar alkaline  soil  in  any  district.  That  would  seem  to  be  indicated 
clearly  by  the  results  in  the  case  of  tile  pipes,  as  instanced  in  Professor 
Headden's  investigations,  and,  further,  by  those  quoted  by  Mr.  Hart; 
in  the  latter  case,  "the  tile  were  well  made  and  well  seasoned,"  and  the 
salts  were  the  chlo'ride,  carbonate,  and  sulphate  of  sodium.  That,  as 
above  quoted,  "seemed  to  indicate  that  sodium  sulphate  was  the  deterio- 
rating factor,  and  that  its  effect  was  on  the  bond  between  the  cement 
and  the  sand." 

There  would  not  appear  to  be  any  warrant  for  concluding  that  any 
particular  brand  of  cement  is  more  susceptible  to  damage  than  others; 
as  Mr.  Means  has  clearly  pointed  out,  "all  reputable  brands  have  nearly 
the  same  composition." 

It  may  be  well  enough,  as  a  first  step,  to  adopt  the  suggestion  offered 
by  Mr.  Gaines,  adapting  to  this  particular  class  of  damage  Candlot's 
recommendation  to  eliminate  the  chemical  side  of  the  problem  and 
rely  solely  on  physical  means  of  preventing  the  water  from  penetrating 
the  mortar.  It  is  clearly  the  duty  of  the  engineer  to  construct  as  dense 
and  non-porous  a  concrete  as  it  is  possible  to  obtain.  That,  however, 
is  not  the  only  consideration,  as  indicated  in  the  paper  and  by  some 
brief  references  in  the  discussion. 

The  careful  investigation  of  the  chemical  constituents  of  the  com- 
ponents of  the  concrete  is  absolutely  essential,  even  the  water,  as 
referred  to  by  Mr.  Morse,  though  it  has  been  seriously  submitted  that 
the  quantity  of  water  used  in  mixing  the  concrete  is  so  small  that  its 
effect,  even  if  strongly  alkaline,  would  not  be  appreciable,  a  conclusion 
with  which  the  writer  cannot  agree. 

Beyond  that,  with  effective  drainage  and  the  provision  of  a  dense 
mass,  the  physical  provisions  would  apparently  be  exhausted,  unlesb 
some  action,  of  a  character  unknown  at  present,  is  to  be  taken  to 
counteract  the  rapid  evaporation  occurring  in  the  warm,  dry  air  of  the 
arid  region,  which  undoubtedly  increases  the  opportunity  for  crystal- 
lization and,  thereby,  for  disintegration. 

Even  after  all  has  been  done  that  can  be  done  by  improving  the 
purely  physical  conditions,  it  cannot  be  otherwise  than  recognized  that 
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Mr.       the  results,  which  are  regarded  with  apprehension,  even  if,  in  relation 

AndersoD.  ^^  ^-^^  great  amount  of  work  unaffected,  they  are  comparatively  small 

or  even  insignificant,  are  most  largely  due  to  chemical  reactions,  and 

this  the   present  discussion  has  made  illuminatingly  clear — if  it  has 

done  nothing  else. 

To  the  writer,  as  to  Mr.  Means,  it  would  seem  possible  to  produce 
a  cement  (varying  sufficiently  from  the  standard  brands  in  items  of 
composition)  which  will  resist  the  decomposition  and  disintegration 
by  alkaline  salts,  the  chemical  action  of  which  would  appear  to  be 
reasonably  well  determined;  and,  to  the  chemist,  that  problem  must 
be  left  with  confidence.  The  contributions  to  the  discussion  by  Messrs. 
Bates  and  Gaines  are  not  only  valuable  in  themselves,  but  peculiarly 
so  because  of  the  information  relating  to  the  methods  of  investigation 
now  being  carried  out,  the  results  of  which — not  to  be  unduly  deferred, 
it  is  hoped — will  not  only  be  of  especial  value  to  the  Government,  but 
to  all  who  are  engaged  in  the  construction  of  works  in  districts  affected 
by  alkaline  waters.  These  districts  embrace  a  very  wide  territory,  and 
are  not  confined  to  the  arid  region,  though  the  results  may  be  more 
immediately  and  more  strikingly  made  apparent  there. 
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MEMOIRS  OF  DECEASED  MEMBERS. 


HENRY  FURLONG  BALDWIN,  M.  Am.  Soc.  C.  E.* 


Died  June  17th,  1909. 


Henry  Furlong-  Baldwin  died  of  apoplexy,  at  Seattle,  Wash.,  on 
June  17th,  1909.  By  his  death  the  Engineering  Profession  has  sus- 
tained the  loss  of  an  eminent  and  forceful  engineer,  many  members  of 
this  Profession,  both  young  and  old,  have  lost  a  strong  and  helpful 
friend,  and  the  members  of  his  family  a  dutiful  brother,  a  kind  and 
loving  father,  and  an  affectionate  husband,  for.  Mr.  Baldwin  was  some- 
thing more  than  a  fine  engineer,  he  was  every  inch  a  man. 

He  was  born  in  1862,  the  second  of  nine  children,  in  Anne  Arun- 
del County,  Maryland,  of  sturdy  parents  of  Scotch-Irish  and  English 
descent.  He  was  educated  in  the  public  schools,  in  the  Anne  Arundel 
Academy,  and  at  the  Massachusetts  Institute  of  Technology,  from 
which  he  was  graduated  in  1884,  in  the  mechanical  engineering 
course.  He  married  Miss  Pauline  duPont,  of  Louisville,  Ky.,  who, 
with  three  children,  Paulina,  Henry,  and  Meta,  survives  him. 

After  graduation,  Mr.  Baldwin  chose  to  enter  railroad  work,  and 
his  first  engagement  was  on  the  Cincinnati  Division  of  the  Louisville 
and  Nashville  Railroad  until  1885.  For  a  brief  period  afterward  he 
was  Rail  Inspector  at  various  steel  mills.  From  1885  to  1887,  he 
was  Supervisor  of  Track  of  the  Knoxville  Branch  of  the  Louisville 
and  Nashville  Railroad,  and  for  a  short  time  in  1887  Roadmaster  of 
the  Pensacola  and  Atlantic  Division  of  the  Louisville  and  Nashville 
line.  From  1887  to  1889,  he  was  Roadmaster  of  the  South  and  North 
Alabama  Division  of  the  Louisville  and  Nashville,  at  Birmingham. 

From  August,  1889,  to  March,  1890,  Mr.  Baldwin  was  Roadmaster 
on  the  Delaware  Division  of  the  New  York,  Lake  Erie  and  Western 
Railway.  From  1890  to  1894,  he  was  Chief  Engineer  of  the  Chicago 
and  Eastern  Illinois  Railroad.  During  this  time  a  large  portion  of 
this  road  was  rebuilt,  involving  a  great  deal  of  heavy  work  in  the  way 
of  new  masonry  and  bridge  construction  and  reduction  of  grades,  etc., 
also  the  construction  of  several  new  branch  lines. 

In  May,  1894,  Mr.  Baldwin  became  Chief  Engineer  of  the  Chicago, 
Peoria  and  St.  Louis  Railway  Company  of  Illinois,  at  Springfield, 
which  position  he  held  until  he  accepted  that  of  Engineer  of  Mainte- 
nance of  Way  with  the  Erie  Railroad,  with  office  at  Jersey  City,  N.  J. 
He  remained  with  the  Erie  until  April,  1900,  when  he  became  Chief 
Engineer  of  the  Chicago  and  Alton  Railroad,  with  office  at  Chicago. 
♦Memoir  prepared  by  W.  D.  Taylor,  M.  Am.  Soc.  C.  E. 
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As  Chief  Engineer  of  the  Chicago  and  Alton  Railroad,  Mr.  Bald- 
win had  charge  of  track  maintenance,  grade  reduction,  double-track 
construction,  and  the  general  rehabilitation  of  the  property  during 
the  administration  of  S.  M.  Felton,  M.  Am.  Soc.  C.  E.  In  1904,  he 
left  the  railway  field  and  took  a  position  as  Vice-President  of  the 
duPont  Powder  Company,  in  charge  of  the  Smokeless  Powder  Depart- 
ment, with  office  at  Wilmington,  Del.  After  three  years  of  service 
with  this  company,  he  was  appointed  Chief  Engineer  of  the  Oregon 
and  Washington  Railroad,  of  the  Harriman  lines,  with  headquarters 
at  Seattle,  which  position  he  held  at  the  time  of  his  death. 

Mr.  Baldwin  was  a  man  of  forceful  character  and  fine  executive 
ability.  He  had  a  keen  sense  of  humor,  and  frank,  strong,  manly 
qualities  which  easily  won  respect,  confidence,  and  friendship.  He 
loved  to  encourage  and  to  show  hospitality  to  the  young  men  who 
worked  for  him.  When  his  assistant  engineers  came  in  off  the  road 
to  report  to  him,  he  would  not  permit  them  to  go  to  hotels,  but  opened 
his  home  to  them,  and  his  delightful  family  made  them  welcome. 

The  writer  was  proud  of  the  personal  friendship  of  Mr.  Baldwin. 
For  the  last  four  years,  he  has  occupied  the  position  on  the  Alton, 
which  was  held  so  long  by  Mr.  Baldwin,  and  he  has  reason  every  day 
of  his  professional  life  to  feel  thankful  for  the  character  of  the 
structures  built  and  for  the  durable  work  done  by  this  conscientious 
and  thorough  engineer. 

Mr.  Baldwin  was  a  Member  of  the  Western  Society  of  Engineers, 
of  the  Chicago  Club,  of  the  Manhattan  Club  of  New  York  City,  and 
of  the  Rainier  Club  of  Seattle,  Wash. 

Mr.  Baldwin  was  elected  an  Associate  Member  of  the  American 
Society  of  Civil  Engineers,  on  December  7th,  1892,  and  a  Member,  on 
February  6th,  1895. 
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CLIFFORD  BUXTON,  M.  Am.  Soc.  C.  E.* 


Died   January   12th,   1910. 


Clifford  Buxton  was  born  on  June  15th,  1844,  in  Warren,  Me. 
He  was  the  only  son  of  Doctor  Benjamin  F.  Buxton,  who  was  promi- 
nent in  the  medical  profession  of  his  State,  having  gained  renown, 
in  Mexico  and  the  South,  fighting  the  dreaded  disease,  yellow  fever. 

Clifford  Buxton  was  recognized  as  a  bright  boy,  and  early  became 
interested  in  the  study  of  mathematics.  Through  an  error  on  the  part 
of  his  father  in  purchasing  for  him  a  Smith's  Trigonometry  and  Sur- 
veying, instead  of  an  algebra,  he  became  so  interested  that  he  took  up 
surveying,  thus  beginning  his  professional  career.  At  the  age  of 
fifteen,  he  and  his  chum,  the  late  Frederic  W.  Vaughan,  M.  Am.  Soc. 
C.  E.,  who,  in  later  years,  became  an  eminent  bridge  engineer,  suc- 
ceeded in  securing  an  old  surveyor's  compass  and  a  four-rod  chain 
with  which  they  made  surveys  of  every  lot  in  their  native  village. 

In  1861,  Mr.  Buxton  was  a  Chainman  on  a  survey  of  public  lands 
in  Northern  Maine.  In  September,  1862,  he  entered  Bensselaer  Poly- 
technic Institute,  from  which  he  was  graduated  with  high  standing  in 
July,  1865. 

Shortly  after  his  graduation  Mr.  Buxton  entered  the  service  of  the 
Troy  and  Boston  Railroad  Company  (now  part  of  the  Boston  and 
Maine),  first  as  a  Leveler,  and  afterward  as  Draftsman.  In  the  spring 
of  1866  he  was  engaged  as  Draftsman  for  the  Pittsburg,  Fort  Wayne 
and  Chicago  Railway  Company,  and,  being  desirous  of  getting  ex- 
perience in  construction,  he  accepted  a  position  as  Leveler  for  the 
Cleveland  and  Mahoning  Railroad  (now  part  of  the  Pennsylvania 
Lines),  to  work  on  a  proposed  extension  of  the  line  from  Youngstown.. 
Ohio,  to  Pittsburg,  Pa.  At  this  time,  however,  only  the  surveys  were 
made.  In  July,  1866,  he  was  appointed  Assistant  Engineer,  under 
William  H.  Searles,  M.  Am.  Soc.  C.  E.,  on  the  Allegheny  Valley  Rail- 
road, then  being  extended  to  Franklin,  Pa.,  which  service  terminated 
with  che  completion  of  the  division  under  his  charge. 

In  October,  1867,  Mr.  Buxton  was  engaged  as  Leveler  on  the  pre- 
liminary surveys  for  the  Knox  and  Licking  Railroad  (now  a  part 
of  the  Maine  Central),  after  which  he  was  appointed  as  Principal 
Assistant  Engineer  in  charge  of  the  location  and  construction  of  thirty 
miles  of  the  same  road;  this  was  completed  in  1871. 

In  July,  1871,  he  was  appointed  United  States  Assistant  Engineer 

in  charge  of  the  surveys  of  Horse  Shoe  Shoals,  Delaware  River,  under 

Lieutenant-Colonel  J.  D.  Kurtz.     He  resigned  this  position  to  accept 

that  of  Principal  Assistant  Engineer  of  the  Cleveland,  Mount  Vernon 

*  Memoir  prepared  by  R.  P.  Black,   Assoc.  M.  Am.  Soc.  C.  E. 
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and  Delaware  Kailroad  (now  part  of  the  Pennsylvania  Lines,  West), 
where  he  remained  until  the  completion  of  the  railroad.  In  July, 
1874,  he  was  appointed  Assistant  Chief  Engineer  of  the  Scioto  Valley 
Railroad  (now  part  of  the  Norfolk  and  Western),  then  under  construc- 
tion, remaining  until  the  completion  of  the  road. 

In  May,  1879,  Mr.  Buxton  became  Assistant  Chief  Engineer  of  the 
Columbus  and  Sunday  Creek  Valley  Railroad  (now  a  part  of  the  Toledo 
and  Ohio  Central  Railway).  On  February  1st,  1881,  he  was  elected 
Chief  Engineer  of  the  Toledo  and  Ohio  Central  Railway,  which 
position  he  held  until  his  death  on  January  12th,  1910.  He  also 
served  as  Chief  Engineer  of  the  allied  railroads,  the  Kanawha  and 
Michigan  Railway,  until  July,  1909,  and  after  July,  1909,  of  the  Zanes- 
ville  and  Western  Railway. 

Mr.  Buxton  was  married  to  Miss  Lucinda  M.  Andrews,  of  Warren, 
Me.,  on  December  9th,  1868.  He  was  a  Thirty-second  Degree  Mason 
and  a  member  of  the  Order  of  the  Mystic  Shrine. 

Mr.  Buxton  was  one  of  the  pioneer  engineers  of  railroad  building 
in  the  East  and  Middle  West.  Many  a  monument  to  his  career,  in 
the  way  of  masonry  bridges,  yet  remains  on  several  of  the  trunk  lines 
to  bespeak  his  ability.  He  was  an  engineer  of  exactness,  a  man  of  few 
words,  of  strong  character,  and  a  personality  which  marked  him  as  an 
individual.  It  is  said  of  Mr.  Buxton  that  he  could  impart  more 
information  in  a  few  pencil  notes  than  another  man  could  in  lengthy 
letters. 

He  is  survived  by  his  wife  and  daughter,  his  only  child,  Mrs. 
Hubert  B.  Turner,  of  Boston,  Mass. 

Mr.  Buxton  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  May  6th,  1885. 
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WILSON  CROSBY,  M.  Am.  Soc.  C.  E.* 


Died  December  18th,  1904. 


Wilson  Crosby,  son  of  William  Chase  Crosby  and  Harriet  Chase, 
was  born  in  Atkinson,  Me.,  on  October  18th,  1834.  He  was  the  eldest 
son  in  the  eighth  generation  from  Simon  Crosby  who  settled  in  Bil- 
lerica,  Mass.,  in  1635,  having  come  to  the  United  States  from  Lan- 
cashire, England.     The  family  traces  back  to  1204. 

Wilson  Crosby  received  his  education  through  the  public  schools. 
In  1851,  he  entered  Rensselaer  Polytechnic  Institute,  at  Troy,  N.  Y., 
and  was  graduated  from  the  four-year  course  in  Civil  Engineering, 
after  three  years'  work,  in  1854.  He  practiced  his  profession  with  the 
New  York  and  New  England  Railroad  Company,  in  Connecticut;  with 
the  Maine  Central  Railroad,  and  with  the  European  and  North  Amer- 
ican Railroad,  in  Maine;  with  the  New  York,  Utica,  and  Ogdensburg 
Railroad;  with  the  Racine  and  Mississippi  Railroad;  with  the  Canada, 
Michigan,  and  Chicago  Railroad;  with  the  Spring  Hill  and  Parsbor- 
ough  Railroad;  and  also  on  the  Poughkeepsie  Bridge  approaches.  For 
many  years  he  was  associated  with  Mr.  Luther  H.  Eaton,  as  "Eaton 
and  Crosby,"  at  Bangor,  Me. 

At  the  outbreak  of  the  Civil  War,  Mr.  Crosby  was  put  in  charge, 
for  the  Government,  of  some  construction  at  Fort  Knox,  Maine.  He 
soon,  however,  helped  raise  a  company  of  infantry,  and  went  into 
active  service  as  Second  Lieutenant,  Company  I,  14th  Maine  Volun- 
teers. He  served  until  mustered  out  on  September  25th,  1865,  when 
he  resumed  the  practice  of  his  profession  in  New  York  City  and  else- 
where. He  was  connected  for  a  time  with  work  on  Central  Park  and 
also  on  Riverside  Drive.  Later,  as  Division  Engineer,  he  had  charge 
of  a  part  of  the  construction  of  Prospect  Park,  Brooklyn,  including 
that  portion  known  as  "The  Plaza." 

In  1882-83,  a  company  proposed  to  build  an  underground  railroad 
and  street  under  Broadway,  in  New  York  City,  and  Mr.  Crosby  was 
made  Chief  Engineer.  Plans  for  "The  Arcade"  were  prepared  under 
his  direction,  but  the  capital  not  being  forthcoming,  the  scheme  was 
abandoned.  In  1887,  he  was  selected  jointly  by  the  New  York  and 
New  England  Railroad  and  the  New  York,  New  Haven  and  Hartford 
Railroad  Companies  to  act  as  Chief  Engineer,  for  both  companies  in 
the  abolishment  of  the  grade  crossings  in  Hartford,  Conn.,  which 
he  carried  through  to  a  successful  conclusion.  Such  work  was  new 
then,  and  precedents  for  details  were  correspondingly  scarce.  The 
80-ft.  plate  girders  spanning  Asylum  Street  were  considered  curiosi- 
ties. 

*  Memoir  prepared  by  W.  W.  Crosby.  M.  Am.  Soc.  C.  E. 
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Mr.  Crosby's  father  had  died  in  1880,  and  had  left  to  his  executor- 
ship several  thousand  acres  of  timber  lands.  About  this  time  (1888), 
it  became  evident  that  he  would  have  to  devote  practically  his  entire 
time  to  caring  for  this  property,  or  the  lands  would  have  to  be  disposed 
of,  probably  at  considerably  less  than  their  true  value.  The  property 
was  shared  by  his  stepmother,  his  sister,  and  two  brothers.  With 
characteristic  self-sacrifice,  he  thereupon  made  his  decision,  abandoned 
his  beloved  profession,  in  which  he  was  just  beginning  to  feel  that  he 
had  won  a  substantial  footing,  and,  in  Bangor,  Me.,  devoted  his  entire 
time  to  caring  for  the  property  which  meant  so  much  to  others.  With 
his  usual  thoroughness,  he  performed  his  new  work  and  eventually 
made  a  success  of  it,  though,  for  many  years,  the  comparisons  between 
his  actual  conditions  and  those  which  appeared  to  be  promising  in 
his  profession  at  the  time  of  his  leaving  it  were  sharp.  Quietly  and 
unobtrusively  his  deeds  established  for  him  such  a  record  of  upright- 
ness, good  judgment,  honesty,  and  generosity,  that  many  sought  his 
help  and  advice  in  business  affairs,  and  much  property  was  entrusted 
to  his  guardianship.  His  business  interests  lay  mostly  in  timber 
lands,  and  he  early  realized  the  dangers  of  forest  destruction.  The 
Maine  Lumbermen  and  Land  Owners  Association  he  served  faithfully, 
being  one  of  its  originators,  and,  for  eight  years,  its  Secretary  and 
Treasurer.  He  was  one  of  the  first  to  demand  the  improved  method 
of  sawing  rather  than  axing  down  trees.  His  plan  met  with  much 
ridicule  at  first,  but  he  clearly  saw  the  advantages,  patiently  persisted, 
and  finally  had  the  satisfaction  of  seeing  his  ideas  generally  adopted. 

For  some  time  before  his  death,  Mr.  Crosby's  health  showed  the 
strain  he  had  undergone  by  his  unselfish  devotion  to  duty  and  unre- 
mitting attention  to  business  affairs.  His  physicians  advised  him  to 
take  a  complete  rest,  but  his  feeling  of  responsibility  for  the  trust 
reposed  in  him  by  his  father,  and  his  belief  that  his  utmost  efforts 
were  still  necessary  to  fulfill  that  trust  properly  and  to  protect  the 
property  from  the  ravages  of  those  who  sought  to  despoil  it  through 
technicalities,  made  him  unwilling  to  consider  himself.  In  October, 
1904,  he  was  finally  persuaded  by  his  family  to  remove  to  the  residence 
of  his  son  in  Baltimore,  Md.,  but  his  death  from  uraemia  followed 
within  two  months. 

As  an  Engineer,  Mr.  Crosby  possessed  attainments  of  an  excep- 
tionally high  order,  much  higher  than  the  opportunities  afforded  by  his 
limited  practice  of  his>  profession  allowed  him  to  demonstrate.  His 
native  modesty  and  diffidence,  together  with  the  interruption  of  his 
professional  work  referred  to,  prevented  the  proper  exemplification  of 
his  abilities  to  the  world  at  large,  though  they  were  well  known  to  his 
intimates.  He  combined,  in  a  superlative  degree,  knowledge,  thor- 
oughness, honesty,  and  energy.  While  his  professional  acquaintances 
and  work  will  bear  witness  to  these  statements,  probably  his  greatest 
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contribution  to  the  Profession  and  the  common  weal  came  from  his 
kindly  and  improving  influence  on  those  fortunate  enough  to  have 
been  his  subordinates  or  co-workers. 

In  November,  1871,  Mr.  Crosby  married  Miss  Hannah  Adelaide 
Seaver,  daughter  of  William  Whitney  Seaver,  of  Brooklyn,  N.  Y. 
They  had  two  children.  Miss  H.  Gertrude  Crosby  and  Walter  Wilson 
Crosby,  M.  Am.  Soc.  C.  E.,  who,  with  Mrs.  Wilson  Crosby,  now  live 
in   Baltimore,  Md. 

Mr.  Crosby  was  a  Member  of  The  Sons  of  the  American  Revolu- 
tion, of  the  Loyal  Legion,  and  a  Past  Commander  of  Hannibal  Ham- 
lin Post,  G.  A.  E,.,  of  which  he  was  one  of  the  founders.  Mr.  Crosby 
was  a  man  of  unusually  high  character,  and  his  qualities  of  heart  and 
mind  endeared  him  in  the  highest  degree  to  those  who  were  favored 
with  his  intimate  acquaintance.  For  many  years  he  was  a  leading 
spirit  and  substantial  support  of  the  Unitarian  Church,  of  Bangor, 
Me. 

His  epitaph  reads : 

"An  upright,  honorable,  unpretentious.  Christian  gentleman:  he 
has  left  an  inspiring  example  of  usefulness,  kindliness,  and  ability, 
and  an  unblemished  record  of  modest  and  true  worth." 

Mr.  Crosby  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers,  on  September  15th,  1869. 
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JOHN  HALL  EMIOH,  M.  Am.  Soc.  C.  E* 


Died  January  6tH;,  1910. 


John  Hall  Emigh  was  born  in  Malta,  Saratoga  County,  New  York, 
on  November  19th,  1850.  He  was  the  son  of  William  W.  and  Eliza 
(Hall)    Emigh. 

After  finishing  his  elementary  education,  he  attended  the  State 
Normal  School  at  Albany,  N.  Y.,  from  which  he  was  graduated  in 
1871.  From  1871  to  1876  he  taught  in  district  schools.  In  April,  1876, 
he  became  a  student  at  the  Kensselaer  Polytechnic  Institute,  from 
which  he  was  graduated  in  June,  1879,  with  the  degree  of  C.  E. 

The  record  of  Mr.  Emigh's  professional  engagements  is  as  follows: 

1879 — Rodman  on  the  Chicago  and  Alton  Railroad  in  Illinois. 

1880-81 — Engineer  and  Draftsman  for  the  Saratoga  Victory  Manu- 
facturing Company,  Victory  Mills,  N.  Y. 

1882-83 — Transitman  and  Draftsman  on  the  survey  of  the  Boston, 
Hoosac  Tunnel  and  Western  Railroad,  Western  Division. 

1883-96 — Instructor  in  the  Departments  of  Mathematics  and  Sur- 
veying at  the  Rensselaer  Polytechnic  Institute. 

1896-1903— City  Engineer  of  North  Adams,  Mass. 

1903-10 — Engaged  in  private  practice  in  hydraulic  and  municipal 
work  in  the  vicinity  of  North  Adams,  Mass. 

Mr.  Emigh  was  actively  engaged  in  his  professional  work  to  within 
twenty-four  hours  of  his  death.  Always  having  had  good  health,  he 
had  great  capacity  for  work,  and  thoroughly  enjoyed  the  active  life 
which  he  led. 

Taking  up  the  municipal  work  of  North  Adams,  Mass.,  when  it 
became  a  city,  he  solved  with  care  and  skill  the  many  troublesome 
problems  which  arose. 

Mr.  Emigh's  friends  will  always  remember  him  as  a  Christian 
man,  ever  ready  to  help  by  words  and  deeds  every  good  cause  in  civic, 
charitable,  church,  or  social  work.  In  his  private  life,  as  in  his  pro- 
fessional work,  he  was  reliable,  clean,  and  straightforward.  Kindli- 
ness, loyalty,  and  faithfulness  in  the  performance  of  every  duty,  char- 
acterized his  teaching  and  his  professional  work. 

The  esteem  felt  for  him  by  those  who  were  associated  with  him 
is  well  expressed  by  one  of  the  Commissioners  of  the  Greylock  Reser- 
vation, the  engineering  work  of  which  was  under  Mr.  Emigh's  charge, 
as  follows: 

"To  those  who  knew  Mr.  Emigh  the  news  of  his  death  came  like  a 
bolt  from  a  clear  sky.    His  was  a  most  attractive  personality.   Thought-   . 
ful,  conservative,  of  the  best  training,  kindly  in  manner,  he  impressed 

*  Memoir  prepared  by  E.  R.  Gary,  M.  Am.  Soc.  C.  E. 
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all  with  whom  he  came  in  contact  with  his  rugged  honesty.  In  his 
chosen  profession  he  was  diligent,  skillful,  and  his  opinions  were 
weighed  with  care  and  carefully  stated.  It  was  a  pleasure  to  be 
associated  with  him  in  any  undertaking.  He  had  that  broad  common 
sense  that  could  grapple  with  any  problem  presented.  *  *  *  He 
was  the  type  of  man  that  every  community  needs.  Above  all  he  was 
a  Christian  gentleman.     We  shall  miss  Mr.  Emigh." 

On  March  3d,  1880,  Mr.  Emigh  married  Emma  F.  Allen,  daughter 
of  David  Allen,  of  Malta,  N.  Y.  His  wife  and  one  son,  William  C. 
Emigh,  a  graduate  of  the  Rensselaer  Polytechnic  Institute  of  the  class 
of  1909,  survive  him. 

Mr.  Emigh  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers,  on  April  3d,  1901. 
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HENRY  CYPRIAN  HUMrHREY,  M.  Am.  Soc.  C.  E.* 


Died  December  7th,  1909. 


Henry  Cyprian  Humphrey,  son  of  Cyprian  Nicholas  and  Louise 
Davies  Humphrey,  was  born  in  Ogdensburg,  N.  Y.,  on  November  14th, 
1859.  After  his  father's  death,  in  1860,  the  family  moved  to  Hartford, 
Conn.,  to  the  home  of  his  grandfather,  Lemuel  Humphrey,  who  was 
one  of  the  oldest  settlers  and  most  influential  citizens  of  that  city. 

After  going  through  the  public  schools  of  Hartford,  Mr.  Hum- 
phrey entered  the  Rensselaer  Polytechnic  Institute,  from  which  he 
was  graduated,  in  1887,  with  the  degree  of  C.  E.  After  receiving  his 
degree,  he  was  appointed  Assistant  Engineer  on  the  Rome,  Watertown. 
and  Ogdensburg  Railroad,  and  remained  with  that  road  until  it  was 
merged  with  the  New  York  Central  and  Hudson  River  Railroad. 

He  was  then  made  Assistant  Engineer  of  the  Department  of  Public 
Works  of  the  State  of  New  York,  which  position  he  held  until  over- 
work obliged  him  to  take  a  vacation.  This  vacation  was  spent  in 
traveling  through  the  Northwest,  Alaska,  Arizona,  Cuba,  Mexico,  and 
South  America,  where  he  made  extensive  collections  of  minerals  and 
flora.  The  excavations  made  by  him  in  the  country  of  the  Cliff 
Dwellers  made  his  collection  rank  among  the  most  complete  amateur 
collections  extant. 

In  1903,  Mr.  LIumphrey  was  appointed  District  Engineer  of  the 
Philippine  Islands,  Lucena,  Tayabas  Province,  Tayabas,  etc.  He 
remained  in  the  Islands  in  this  capacity,  taking  no  vacation,  until 
the  winter  of  1908,  when  his  failing  health  rendered  a  rest  and  change 
of  climate  necessary. 

Returning  to  the  United  States,  Mr.  Humphrey  spent  a  quiet  year 
with  relatives  in  Odessa,  N.  Y.,  endeavoring  to  recuperate  so  as  to 
return  to  the  position  in  the  Philippines  which  was  held  open  for  him. 
He  suddenly  became  much  worse,  however,  and  passed  away  on 
December  7th,  1909. 

Mr.  Humphrey  was  a  Member  of  the  Delta  Phi  Club  of  New  York 
City,  the  South  American  Exploration  Company,  and  was  a  Free 
Mason. 

In  his  work  in  his  chosen  profession,  Mr.  Humphrey  was  second 
to  none,  holding  the  respect  of  all  who  knew  him  in  a  business 
capacity,  and  the  love,  admiration,  and  loyalty  of  all  whom  he  honored 
with  his  friendship,  for 

"His  was  the  most  tender,  true,  and  noble  soul 
That  ever  trod  this  world  of  ours  as  man." 

Mr.  Humphrey  was  elected  an  Associate  Member  of  the  American 
Society  of  Civil  Engineers  on  September  4th,  1901,  and  a  Member  on 
October  3d,  1905. 

*  Memoir  prepared  by  Miss  Harriet  Fairchild  Blodgett. 
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HENRY  MAYNADIER  STEELE,  M.  Am.  Soc.  C.  E.* 


Died  July  5th,  1909. 


Henry  Maynadier  Steele  was  born  in  Baltimore,  Md.,  on  September 
26th,  1865,  and  died  in  Asheville,  N.  C,  on  July  5th,  1909.  He  was 
a  son  of  Isaac  Nevett  and  Rosa  (Nelson)  Steele,  of  Baltimore.  In 
1882,  he  was  graduated  from  the  Shenandoah  Valley  Academy,  at 
Winchester,  Va.,  as  valedictorian  of  his  class.  Then  for  two  years 
he  attended  the  Massachusetts  Institute  of  Technology  as  a  special 
student. 

Mr.  Steele  began  his  active  business  career  in  1885,  with  the 
Baltimore  and  Ohio  Railroad,  with  which  company  he  occupied  various 
minor  positions  in  the  Engineering  and  Maintenance  of  Way  Depart- 
ments, until  1887,  when  he  entered  the  service  of  the  New  York,  Lake 
Erie  and  Western  Railroad  Company  (now  the  Erie  Railroad  Com- 
pany) as  Assistant  Engineer  on  the  work  of  double-tracking  the 
Northern  Railroad  of  New  Jersey  from  Bergen  Junction  to  Cresskill. 

From  1887  to  1890,  he  was  in  charge  of  the  following  work  on  the 
New  York,  Lake  Erie  and  Western  Railroad:  The  reconstruction  of 
the  Hackensack  River  draw-bridge  on  the  main  line;  the  construction 
of  the  East  Buffalo  coal  storage  plant;  the  double-tracking  of  the 
Jefferson  Branch  of  the  Erie  Railroad ;  the  reconstruction  of  the  Dela- 
ware River  crossing  at  Hancock;  the  construction  of  second-track  on 
the  Northern  Railroad  of  New  Jersey,  from  Cresskill  to  Sparkill; 
preliminary  and  location  surveys  and  estimates  for  a  proposed  rail- 
road from  Buffalo  to  Tonawanda,  N.  Y. ;  and  surveys  and  estimates  for 
a  proposed  railroad  from  Carbondale  to  Honesdale,  Pa.  For  a  portion 
of  this  time,  he  was  also  detailed  as  Roadmaster  on  the  Delaware 
Division. 

In  December,  1890,  Mr.  Steele  was  advanced  to  the  position  of 
Principal  Assistant  Engineer  of  the  same  road,  in  which  capacity  he 
had  charge  of  all  detail  work  in  the  Chief  Engineer's  Department. 
During  this  time  he  also  had  charge  of  the  reconstruction  of  the 
Chambers  Street  and  Pavonia  Avenue  ferry  racks.  North  River;  and 
Pier  No.  2,  Shed  No.  1,  and  a  crib  bulkhead  and  box  sewer  at  Jersey 
City.  The  design  and  installation  of  interlocking  and  block  signaling 
plants  were  also  included  in  his  general  work;  and,  in  August,  1891,  he 
made  a  detailed  inspection  and  report  of  all  plants  on  the  New  York, 
Pennsylvania  and  Ohio  Railroad  and  the  Chicago  and  Erie  Railroad, 
now  parts  of  the  Erie  Railroad  system.  For  some  months,  in  the  latter 
part  of  1892,  he  was  in  charge  of  the  Engineering  Department  of  the 
New  York,  Lake  Erie  and  Western  Railroad,  during  the  absence  of  the 
Chief  Engineer. 

*  Memoir  prepared  by  Francis  Lee  Stuart,  M.  Am.  Soc.  C.  E. 
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Mr.  Steele  resigned  in  January,  1893,  to  establish  the  Southern 
Agency  of  the  Hall  Signal  Company,  with  headquarters  at  Baltimore, 
Md.,  which  position  he  held  until  April,  1894,  when  ill-health  necessi- 
tated the  stoppage  of  all  active  work  for  some  time. 

In  the  spring  of  1894,  he  moved  to  Asheville,  N.  C,  where  for  three 
years  he  was  in  consulting  engineering  practice.  It  was  during  this 
period  that  he  was  invited  by  the  Society  to  prepare  a  paper,  to  be 
read  at  the  Twenty-sixth  Annual  Convention  at  Niagara  Falls,  N.  Y., 
on  the  subject  of  block  signaling,  but  sickness  prevented  its  final 
completion. 

His  health  improving,  in  October,  1897,  Mr.  Steele  was  appointed 
Civil  Engineer  of  the  Central  of  Georgia  Railway  Company,  reporting 
to  the  Vice-President.  In  this  capacity  he  directed  surveys  and  record 
maps  of  all  terminals  on  that  road,  as  well  as  the  construction  of  the 
Andalusia  extension  of  the  Mobile  and  Girard  Railroad.  He  designed 
the  plant  of  the  Atlantic  Compress  Company  at  Dotham,  Ala.;  con- 
structed the  Porterdale  and  Milledgeville  Asylum  spurs;  and  made  a 
report  on  and  an  appraisal  of  the  Kansas  City  Southern  Railway  and 
the  Hawkinsville  and  Florida  Southern  Railway.  In  addition  to  his 
other  duties  at  this  time,  he  directed,  as  Chief  Engineer,  preliminary 
and  location  surveys,  estimates,  etc.,  of  the  Atlanta  Belt  Line. 

In  November,  1900,  Mr.  Steele  was  appointed  Chief  Engineer  of 
the  Central  of  Georgia  Railway;  and  under  his  charge  considerable 
work  on  the  revision  of  grades  and  alignment  was  executed;  many 
bridges  were  replaced  with  heavier  structures;  depots  and  warehouses, 
including  the  freight  warehouse  at  Atlanta,  Ga.,  and  the  passenger 
depot  at  Columbus,  Ga.,  were  rebuilt;  the  Henry  Ellen  Branch  was 
extended  into  the  Cahaba  coal  fields  in  Alabama;  the  Fort  Oglethorpe 
and  Army  spur  was  built;  and  the  Greenville  and  Newman  Railway 
was  partially  completed.  During  this  time  he  was  also  frequently 
called  on  as  consulting  engineer  in  connection  with  the  design  and 
valuation  of  cotton  compress  plants  in  Alabama  and  Mississippi. 

In  July,  1906,  he  was  appointed  Chief  Civil  Engineer  of  J.  G." 
White  and  Company,  Incorporated,  of  New  York  City,  in  charge  of  all 
civil  engineering  matters,  with  headquarters  at  New  York  City,  which 
position  he  held  at  the  time  of  his  death.  His  duties  during  this 
period  were  of  a  general  nature,  involving  consultations  covering  a 
wide  field  of  engineering;  investigations  of  various  projects,  etc.;  and 
also,  in  an  administrative  capacity,  the  carrying  out  of  the  construc- 
tion work  of  the  Norfolk  and  Southern  Railway,  in  North  Carolina, 
comprising  90  miles  of  railroad,  as  well  as  40  miles  of  the  Virginian 
Railway  lines  in  Virginia. 

In  the  spring  of  1908,  just  after  recovering  from  an  attack  of 
typhoid  fever,  Mr.  Steele  conducted,  unassisted  by  Counsel,  a  very 
arduous  arbitration  proceeding  in  the  case  of  J.  G.  White  and  Com- 
pany, Incorporated,  vs.  the  Norfolk  and  Southern  Railway  Company. 
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In  February,  1894,  he  married  Miss  Margaret  Hollins  McKim,  of 
Baltimore,  who,  with  three  children,  survives  him. 

Mr.  Steele  was  an  able,  energetic,  and  efficient  engineer;  a  man  of 
sterling  character;  with  the  highest  ideals  of  courtesy,  honor,  and 
integrity.  He  had  the  confidence  and  esteem  of  all  who  came  in 
contact  with  him.  With  the  exception  of  a  few  years  of  illness,  his 
entire  life  was  devoted  to  his  profession,  and  his  untimely  death  cut 
short  a  career  that  gave  promise  of  still  further  honor  and  success. 

Mr.  Steele  was  a  Member  of  the  American  Railway  Engineering 
and  Maintenance  of  Way  Association;  the  Forestry  Association;  the 
National  Geographic  Society;  and  of  the  Engineers',  New  York 
Athletic,  and  Rockaway  Hunting  Clubs. 

He  was  elected  an  Associate  Member  of  the  American  Society  of 
Civil  Engineers  on  April  5th,  1893,  and  a  Member  on  December  6th, 
1899. 


Go4  MEMOIR    OF    JOHN    JOSEPH    HORAN 

JOHN  JOSEPH  HORAN,  Assoc.  M.  Am.  Soc.  C.  E.* 


Died  November  9th,  1909. 


John  Joseph  Horan  was  born  in  New  York  City,  in  1866.  His 
father,  John  Horan,  was  a  resident  of  Long  Island  City,  where,  for  a 
number  of  terms,  he  held  the  office  of  City  Treasurer,  and  where,  for 
many  years,  his  family  was  active  in  social  and  business  life. 

Mr.  Horan  was  an  only  son,  and  received  his  education  in  the 
schools  of  New  York  City  and  in  Cooper  Union.  In  1887  he  became 
Superintendent  of  the  Chemical  Fertilizer  Company,  of  Brooklyn, 
N.  Y.,  and  continued  in  this  position  until  1890,  when  he  became 
Engineer  in  Charge  of  Construction  of  the  works  of  the  Clinton 
Metallic  Paint  Company,  of  Clinton,  N.  Y.  He  afterward  became 
Superintendent  in  Charge  of  the  operation  of  these  works. 

In  1896  he  took  charge  of  the  construction  of  the  petroleum  refining 
plant  of  the  Empreza  Industrial  de  Patrolio,  of  Rio  de  Janeiro,  Brazil. 
From  1898  to  1905,  he  was  Superintendent  of  the  extensive  plants  of 
Wilson  Sons  and  Company,  Limited,  of  London,  England,  at  Rio  de 
Janeiro  and  Bahia,  Brazil,  involving  the  operation  of  stone  quarries, 
coaling  stations,  repairs  to  ships,  tugs,  and  lighters,  building  of  sea 
walls,  maintenance  of  docks,  wharves,  etc. 

In  1905,  Mr.  Horan  returned  to  New  York  City,  and  after  spending 
a  few  months  as  an  Inspector  in  connection  with  the  construction  of 
the  Pennsylvania  Railroad  tunnels  under  the  North  River,  he  obtained 
a  position  with  the  Board  of  Water  Supply,  on  the  construction  force 
for  the  new  Catskill  Aqueduct.  At  the  time  of  his  death  he  was  in 
charge  of  the  borings  for  the  proposed  water  distribution  tunnel 
under  New  York  City. 

Mr.  Horan's  death  occurred  on  November  9th,  1909,  while  he  was 
on  a  short  vacation  to  the  Maine  woods.  While  talking  to  friends  at 
the  door  of  the  camp  where  he  was  staying,  heart  failure  overtook  him, 
and  death  came  instantly.  Apparently,  he  had  been  in  the  best  of 
health  and  was  in  the  prime  of  life. 

Mr.  Horan  had  that  habit  of  mind  which  is  characteristic  of  the 
successful  engineer:  painstaking  attention  to  details,  a  love  of 
mechanics,  and  a  fair  share  of  inventive  genius.  He  had  invented  a 
number  of  mechanical  contrivances  which  proved  of  value  in  the 
operation  of  paint  and  cement  mills.  He  had  perfected  a  rotary  steam 
engine  which  operated  with  high  efficiency.  He  was  also  responsible 
for  the  apparatus  used  by  the  Board  of  Water  Supply  to  determine  the 
condition  of  rock  strata  as  to  soundness  in  deep-rock  borings  along  the 
line  of  the  Catskill  Aqueduct.  He  was  thoroughly  absorbed  in  his 
*  Memoir  prepared  by  E.  J.  Fort,  M.  Am.  Soc.  C.  E. 
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work,  and,  had  not  death  so  suddenly  cut  short  his  career,  his  con- 
tinued success  and  an  honored  position  in  his  profession  were  assured. 

Mr.  Horan  was  unmarried,  and,  with  the  exception  of  one  sister, 
left  no  immediate  family.  He  was  of  a  disposition  which  made  friends 
wherever  he  went,  and  those  who  knew  him  are  unanimous  in  their 
testimony  to  his  high  character  as  a  gentleman,  his  scrupulous  integ- 
rity in  all  his  transactions,  and  his  faithfulness  and  generosity  as  a 
friend. 

Mr.  Horan  was  elected  an  Associate  Member  of  the  American 
Society  of  Civil  Engineers  on  October  7th,  1908. 
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